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Abstract: Camellia quephongensis Hakoda et Ninh is a yellow-flowered camellia that inhabits the Que
Phong District, Nghe An Province, North-Central Vietnam, and its taxon includes approximately
50 species from South China and Vietnam. Researchers have primarily focused on the taxonomy
and biochemistry of medicinal substances found in camellia flowers and on horticultural studies
of their propagation. Consequently, habitat characteristics and adaptation mechanisms still need
to be better understood. Thus, this study investigated the habitats of C. quephongensis in terms of
landscape and stand composition, analyzed the morphological variabilities and age distribution
patterns among different habitat types, and explored its adaptation mechanisms. The results revealed
that this species preferentially inhabited forests on vulnerable slopes and stream banks, which
were frequently disturbed by slope failure or flooding, while its multi-stemming traits were key
factors in recovering from damage and persisting in such habitats. Relatively stable sites with fewer
disturbances can be a source habitat, whereas frequently disturbed sites can be a sink habitat for
the populations. Regular thinning of the shrub and herb layers in the plantation maintained a stand
composition similar to that of natural stands; thus, succession control is recommended to conserve
the naturally growing site of this species. The findings of this study will aid in the future conservation
and restoration of growing areas.

Keywords: yellow-flowered camellia; vulnerability; disturbance; multi-stemming; succession; conservation

1. Introduction

Camellia quephongensis Hakoda et Ninh (Theaceae) is a yellow-flowered camellia that
inhabits the tropical riparian forests at an altitude of 200 m–300 m in Que Phong District,
Nghe An Province, North-Central Vietnam (Figure 1). It is a short-sized shrub, 4 m–5 m
tall, produces flowers, 5.5 cm–6.5 cm in diameter annually from December to February [1].
Tran et al. (2019) [2] reported that more than 50 species of yellow camellia are distributed in
South China and Vietnam, including 40 species native to Vietnam, whereas Le et al. (2020) [3]
listed 46 species of yellow camellia in this country. This implies that the region of South
China–Vietnam is the center of speciation for this taxon. C. quephongensis is a relatively
recent described species (2002) [1], in addition to this, new species have been described
in North-Central Vietnam from 2018 to 2022, including C. vuquangensis Luong et al. sp.
nov. from Vu Quang District, Ha Tinh Province [4], C. pukhangensis Do et al. sp. nov. from
Quy Hop District, Nghe An Province [5], C. puhoatensis Ly et al. sp. nov. from Que Phong
District, Nghe An Province [6], and C. ngheanensis Do et al. sp. nov. from Tuong Duong
District, Nghe An Province [7]. Taxonomic studies of this taxon have been conducted.
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conducted. 
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Figure 1. Camellia quephongensis inhabiting Que Phong District, Nghe An Province. (a) Flower, (b) 
landscape of this species growing in Phuong Tien, (c) multi-stemmed tree. 

Furthermore, the biochemical features of this taxon are of interest to researchers ow-
ing to the medicinal substances contained mainly in the flowers, such as saponins and 
antioxidants of polyphenols and carotenoids [8–10]. Therefore, yellow-flowered camellia, 
known as golden camellia tea, is used in medicine and health [2]. Tanikawa et al. (2008) 
[11] revealed that quercetin, along with aluminum, plays a role in the yellow color of the 
petals. 

Because it is a highly valued commercial plant whose flowers are traded at a high 
price of hundreds of USD per kilogram in retail markets [2], several horticultural studies 
on the methodologies of propagation by cuttings [12,13] and light response experiments 
have been actively conducted [14]. 

Of the five species of yellow-flowered camellia in North-Central Vietnam, four (C. 
vuquangensis, C. pukhangensis, C. puhoatensis, C. ngheanensis) are endangered according to 
the International Union for Conservation Nature (IUCN) Red List criteria [4–7], and C. 
quephongensis is at risk of diminishing populations owing to sapling transplantation and 
unregulated exploitation of flowers from naturally growing trees [15]. To conserve this 
taxon, we must understand the ecological aspects, not only the external appearance of the 
habitats but also the physical and biological factors that establish them. In addition, it is 
essential to explore the ecological mechanisms of adaptation to habitats. Zhu et al. (2022) 
elucidated the adaptation mechanisms of soil characteristics of some species distributed 
in the Guangxi Province, South China; however, this was the case for species native to 
calcareous soils in karst regions [16]. Xu et al. (2021) described the detailed habitat of C. 
longzhouensis, also a calcareous-adapted species in karst regions [17]. However, C. que-
phongensis is distributed in granite-based soils [18,19], and therefore, this adaptation 
mechanism cannot be applied to this species. 

In terms of C. quephongensis, Le et al. (2021) [1] and Takahashi et al. (2023) [15] de-
scribed its habitats; however, its adaptation mechanisms have not been elucidated. In this 
study, we reviewed the habitats of this species, and subsequently used landscape ecolog-
ical methods to understand the relationship between vegetation and topographical fea-
tures of the habitats. Consequently, we discuss the morphological characteristics and pop-
ulation structure of this species that persists in its habitats. Additionally, conservation pol-
icies for this species are indicated. 

  

Figure 1. Camellia quephongensis inhabiting Que Phong District, Nghe An Province. (a) Flower,
(b) landscape of this species growing in Phuong Tien, (c) multi-stemmed tree.

Furthermore, the biochemical features of this taxon are of interest to researchers
owing to the medicinal substances contained mainly in the flowers, such as saponins and
antioxidants of polyphenols and carotenoids [8–10]. Therefore, yellow-flowered camellia,
known as golden camellia tea, is used in medicine and health [2]. Tanikawa et al. (2008) [11]
revealed that quercetin, along with aluminum, plays a role in the yellow color of the petals.

Because it is a highly valued commercial plant whose flowers are traded at a high
price of hundreds of USD per kilogram in retail markets [2], several horticultural studies
on the methodologies of propagation by cuttings [12,13] and light response experiments
have been actively conducted [14].

Of the five species of yellow-flowered camellia in North-Central Vietnam, four (C. vuquan-

gensis, C. pukhangensis, C. puhoatensis, C. ngheanensis) are endangered according to the Inter-
national Union for Conservation Nature (IUCN) Red List criteria [4–7], and C. quephongensis

is at risk of diminishing populations owing to sapling transplantation and unregulated
exploitation of flowers from naturally growing trees [15]. To conserve this taxon, we must
understand the ecological aspects, not only the external appearance of the habitats but
also the physical and biological factors that establish them. In addition, it is essential to
explore the ecological mechanisms of adaptation to habitats. Zhu et al. (2022) elucidated the
adaptation mechanisms of soil characteristics of some species distributed in the Guangxi
Province, South China; however, this was the case for species native to calcareous soils in
karst regions [16]. Xu et al. (2021) described the detailed habitat of C. longzhouensis, also a
calcareous-adapted species in karst regions [17]. However, C. quephongensis is distributed
in granite-based soils [18,19], and therefore, this adaptation mechanism cannot be applied
to this species.

In terms of C. quephongensis, Le et al. (2021) [1] and Takahashi et al. (2023) [15]
described its habitats; however, its adaptation mechanisms have not been elucidated.
In this study, we reviewed the habitats of this species, and subsequently used landscape
ecological methods to understand the relationship between vegetation and topographical
features of the habitats. Consequently, we discuss the morphological characteristics and
population structure of this species that persists in its habitats. Additionally, conservation
policies for this species are indicated.

2. Materials and Methods

2.1. Materials

2.1.1. Study Area and Sites
Que Phong District is located in the northwest corner of Nghe An Province, facing the

boundaries of Laos and Thanh Hoa Province, Vietnam, to the west and north, respectively,
and is designated as a biosphere reserve by UNESCO (Figure 2a,b). This area is surrounded
by high mountain ranges, including a river network flowing down to the district center,
forming the Hieu River.
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Figure 2. Study area and sites. (a–c) indicate the location of Nghe An Province, Que Phong District, 
and the sites of C. quephongensis populations surveyed. Gray-shaded area and red circle indicate the 
biosphere reserve (UNESCO) and the study area, respectively. The topographic map in (c) was cited 
from opentopomap.org (accessed on 1 November 2022). 

Takahashi et al. (2023) surveyed the local populations distributed in Co Muong (CM) 
(19°34′36″ N, 104°52′21″ E–19°34′30″ N, 104°52′82″ E), Chau Kim Commune, Phuong Tien 
(PT) (19°38′25″ N, 104°59′18″ E–19°38′33″ N, 104°59′07″ E), Na Sanh (NS) (19°42′00″ N, 
105°00′21″ E), and Tien Phong Commune. CM and PT included two patches, CM1 and 
CM2, and PT1 and PT2 (Figure 2c) [15]. CM2 and NS are anthropogenically created 
patches that consist of trees transplanted from CM1 and nearby NS areas, respectively. 
The same population was selected for the present study. 

2.1.2. Climate 
The study area belongs to the subtropical zone, April–October is summer; it is hot 

and humid, and the temperature peaks at 34 °C on average, especially in May–September, 
which is a rainy season owing to the northwest monsoon. The remainder is winter, which 
is relatively cold and dry, and the temperature drops to 9 °C on average, due to northeast 
monsoons. The mean annual rainfall is 1800 mm [20]. 

2.1.3. Vegetation and Topography 
Que Phong District is mostly covered by forests (143,000 ha), which account for 75% 

of the total. Approximately half of the forests are restricted for use and designated as Spe-
cial Use Forests and Protection Forests, according to the Que Phong District People’s Com-
mittee. 

Mountain slopes in this area, especially those near communities, have been widely 
used for slush-and-burn farming since 1992. It was banned by the local government in 
1996; consequently, the regenerated evergreen broad-leaved forests, logged areas of CM 

Figure 2. Study area and sites. (a–c) indicate the location of Nghe An Province, Que Phong District,
and the sites of C. quephongensis populations surveyed. Gray-shaded area and red circle indicate the
biosphere reserve (UNESCO) and the study area, respectively. The topographic map in (c) was cited
from opentopomap.org (accessed on 1 November 2022).

Takahashi et al. (2023) surveyed the local populations distributed in Co Muong (CM)
(19�3403600 N, 104�5202100 E–19�3403000 N, 104�5208200 E), Chau Kim Commune, Phuong Tien
(PT) (19�3802500 N, 104�5901800 E–19�3803300 N, 104�5900700 E), Na Sanh (NS) (19�4200000 N,
105�0002100 E), and Tien Phong Commune. CM and PT included two patches, CM1 and
CM2, and PT1 and PT2 (Figure 2c) [15]. CM2 and NS are anthropogenically created patches
that consist of trees transplanted from CM1 and nearby NS areas, respectively. The same
population was selected for the present study.

2.1.2. Climate
The study area belongs to the subtropical zone, April–October is summer; it is hot

and humid, and the temperature peaks at 34 �C on average, especially in May–September,
which is a rainy season owing to the northwest monsoon. The remainder is winter, which
is relatively cold and dry, and the temperature drops to 9 �C on average, due to northeast
monsoons. The mean annual rainfall is 1800 mm [20].

2.1.3. Vegetation and Topography
Que Phong District is mostly covered by forests (143,000 ha), which account for 75% of

the total. Approximately half of the forests are restricted for use and designated as Special
Use Forests and Protection Forests, according to the Que Phong District People’s Committee.

Mountain slopes in this area, especially those near communities, have been widely
used for slush-and-burn farming since 1992. It was banned by the local government in
1996; consequently, the regenerated evergreen broad-leaved forests, logged areas of CM
surroundings decreased from 31.9% to 11.9%, and the PT-included area was also under a
similar situation [15].

In terms of the anthropogenic population, CM2 and NS grew in cinnamon plantations
(Cinnamomun loureiroi) and bamboo stands, respectively.

Topographically, the center of the Que Phong District is located at the basin bottom,
and populations inhabit mountain slopes, valley slopes, or bottoms. The soil environment
is characterized by granite, tonalite, and mafic rocks [18,19].
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2.2. Methods

2.2.1. Temperature and Humidity
On-site observations of temperature and relative humidity were conducted during the

2022–2023 flowering season from 4 December 2022 to 28 February 2023, within CM1 and
PT1 (EasyLog, LASCAR Electronics, Hong Kong, China).

2.2.2. Population Size and Floristic Composition of the Habitats
Data on population size, such as distribution area and population density, and habitat

characteristics, such as stand attributes, were obtained from a previous study [15]. To un-
derstand the biological factors characterizing the habitats, the dominant species comprising
the canopy layer and the layer next to it (hereafter referred to as the second layer) of the
stands were recorded in situ on 5–9 December 2022, and 9–10 January 2023. A dominant
species was defined as having a large projected area of foliage on the ground (�25%) and a
large number of individuals in the quadrat established as a representative of the stand.

2.2.3. Landscape Pattern Analysis
The vegetation and land-use types of the areas, including CM, PT, and NS, and

their surroundings (ca. 1.5 km ⇥ 1.5 km), were obtained using Google Earth (2022) and
confirmed by in situ observations on 5–9 December 2022. Regarding vegetation type, the
tree stands were divided into tall, middle, and shrub in relative height in the respective
areas. Subsequently, the polygons of vegetation and land-use types, and localities of
C. quephongensis trees obtained from the previous study [15] were overlaid onto the contour
maps (opentopomap.org, accessed on 1 November 2022).

2.2.4. Age Distribution Patterns
Based on the growth curve of this species (Figure 3) [15], age was categorized by

tree height into seedling and sapling (Seed. + Sap.), young tree phase I (Y-tree I), young
tree phase II (Y-tree II), and old tree (O-tree); consequently, the age distribution pattern
of each patch was analyzed, excluding CM1 and CM2 because of the exploitation of
saplings from CM1 to transplant into CM2 in the cinnamon plantation. Age category was
defined as 150 cm, <8-year-old; 240 cm, <11-year-old; 280 cm, <13-year-old; >280 cm,
�13-year-old. Y-trees and older trees were able to reproduce. Data on tree height in the PT
and NS populations were obtained from a previous study [15].
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2.2.5. Multi-Stemming
C. quephongensis is a multi-stemmed tree, a key factor for recovery from damage.

Thus, focusing on this trait, the following were analyzed: (1) the relationship between
multi-stemming and aging; and (2) the differences in this trait among habitats.

For the former, this species has been reported to increase almost linearly with tree
height up to approximately 300 cm with age [15]; thus, if multi-stemming is induced
with aging, the number of stems correlates with tree height up to 300 cm. We calculated
a correlation coefficient between variables of tree height (TH) and the number of stems
(NOS)—r = Cov (x,y)/�x�y, where r is correlation coefficient; Cov (x,y) is covariance of TH
and NOS; �x is standard deviation of TH; �y is standard deviation of NOS—with p < 0.05
using previous data [15] to clarify the possibilities of the stems being multiplied with aging
(if r > 0.5, two variables are correlated).

For the latter, two naturally distributed patches were included in the same local
population; however, growth in heterogeneous habitats was compared in terms of the
ratio of multi-stemmed individuals. In addition, a principal component analysis of tree
height (TH), stem diameter (SD), number of stems (NOS), and crown width (CW) of these
two patches was conducted to obtain the eigenvector of the principal components (PCs).
Subsequently, the relationship between the patches and four variables was analyzed using
scores of PCs with eigenvalue > 1.

The above analyses were conducted with the data obtained from previous study [15],
using BellCurve for Excel (version 4.00) (Social Survey Research Information Co., Ltd.,
Tokyo, Japan).

3. Results

3.1. Micro-Climate

The mean temperature and relative humidity (rh) of the flowering season from 4 Decem-
ber 2022 to 28 February 2023 in CM and PT were 17.0 �C and 85.3%rh (17.5 �C and 86.3%rh
for the excluded period of PT because of unavailable data), and 20.1 �C and 85.5%rh,
respectively. The temperature fluctuated between 21.2 ± 0.6 and 15.2 ± 0.5 �C for CM,
and 24.7 ± 0.7 and 15.9 ± 0.5 �C for PT during the day at both sites (4–14 December 2022
and 11 January–28 February 2023) (Figure 4), and the relative humidity changed from
94.0 ± 1.0%rh and 94.1 ± 1.2%rh in the morning to a minimum of 74.1 ± 2.5%rh and
65.9 ± 2.3%rh in the afternoon (Table 1).
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Figure 4. Temperature and relative humidity during the flowering season of C. quiphongensis in the
study area (4 December 2022–28 February 2023). Blue and light blue, red, and yellow lines indicate
the temperature and relative humidity of CM and PT, respectively. In terms of PT, the data from 10:00,
15 December, to 12:00, 10 January, were unavailable.
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Table 1. Mean highest and lowest temperature and relative humidity in Co Muong (CM) and Phuong
Tien (PT) during 4–14 December 2022, and 11 January–28 February 2023.

Highest Lowest

Temperature (�C)
CM 21.2 ± 0.6 15.2 ± 0.5
PT 24.7 ± 0.7 15.9 ± 0.5

Relative humidity (%rh)
CM 94.0 ± 1.0 74.1 ± 2.5
PT 94.1 ± 1.2 65.9 ± 2.3

3.2. Population Size and Floristic Composition of the Habitats

The size and habitat characteristics of the naturally distributed populations were simi-
lar, except for those of PT2. C. quephongensis primarily grew with a population density of
1.1 individual/100 m2–1.4 individual/m2 under the relatively close canopies (canopy open-
ness: 18.8–36.5%) with a height of approximately 20 m and a tree density of approximately
2.0 individual/100 m2–3.0 individual/100 m2 on the steep slopes (15�–43�) facing south.
In contrast, the population size of PT2 was lower in density, with 0.3 individual/100 m2,
inhabiting the lower height of the stand (16.0 m in canopy height) (Table 2).

Floristic composition was also similar among the stands on the slopes. The common
species were Vernicia montana and Melia azedarach in the canopy layer, while Symplocos

sp., Quercus sp., and Livistona sp. were dominant in the second layer of CM1 and PT1,
respectively. Anodendron sp. in CM1, a climbing plant, was abundant in the second layer.
Stream banks were also the habitats of C. quephongensis, scattering with mean altitude of
1.07 m from the stream bed, including Fraxinus griffithii and C. loureiroi in the canopy and
second layer, respectively, as the dominant species (Table 2).

Anthropogenic populations of CM2 and NS grew in cinnamon plantations (C. loureiroi)
and bamboo (Dendrocalamus sp.) with Acacia mangium stands, respectively. The plantation
was well managed, with thinning to maintain a similar tree density (4.5 individual/100 m2)
to the natural stands for CM1 (2.3 individual/100 m2–3.3 individual/100 m2). V. montana

and M. azedarach also grew in association with cinnamon trees. In contrast, NS had a high
tree density, with 7.1 individual/100 m2–7.6 individual/100 m2 (Table 2).

3.3. Habitat Characteristics in the Landscape Perspective

Local populations, CM and PT, inhabited different landscape patterns. The former
was distributed on a low-altitude mountain (up to EL: 550 m) slope, whereas the latter
grew in a riparian area (Figure 5); thus, the former was named the mountain slope type,
and the latter was called the riparian type in this study (Table 2).

The mountainous area of CM was covered with secondary forest aged approximately
25 years, regenerated after the termination of slush-and-burn farming (SBF) [15], and tree
height was relatively homogeneous; only the trees on the mountain ridge were taller, that
had not been used for SBF (Figure 5a). The mountain slope was steep, with a gradient of
15�–30�, 20� (arctan 80 m/200 m) on average (Figure 5b); however, the lower part of the
slope was relatively gentle, with a hill-like shape due to sedimentation with gigantic rocks.
Therefore, this is used for plantations, including CM2, croplands, and housing. Grasslands
and bare lands were on the slopes, which were attributed to anthropogenic modifications or
slope failure. As indicated by traces of land failure, the slope of this species was vulnerable
and easily collapsed.
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Table 2. Population size and stand structure. ++ and (++) indicate dominant species of the canopy layer and the second layer, respectively (the foliage partially
overlapped). + is not a dominant species, but an associated one. Cited from Takahashi et al., 2023 [15], except for floristic data.

Local Population PT CM NS

Riparian Type Mountain Slope Type Riparian Type

Patch PT2 PT1 CM1 CM2 �
Habitat

Land morphology stream bank valley slope mountain slope hill slope valley slope

Anthropogenic impacts � regenerated forest for
10–20 years regenerated forest for 25 years transplanted population

Population size
Distributed area (m ⇥ m) 580 ⇥ 10 220 ⇥ 10 275 ⇥ 10 � 85 ⇥ 10

Population density
(n/100 m2) 0.3 1.4 1.1 � 1.4

Stand characteristics
Stand type riparian forest secondary forest

(evergreen broadleaved forest) plantation bamboo forest

Elevation (m) 130 140 330 300 200 160
Slope NNE—SSW SE SE SE SW

Gradient (�) 35 43 15 30 15 42 43
Canopy openness (%) 20.2 36.5 22.7 18.8 27.6 28.0 28.3

Canopy height (m) 16 22 20 21 20 12 14
Tree density (n/100 m2) 3.0 2.7 3.3 2.3 4.5 7.1 7.6

Dominant species
Acacia mangium � � � � � ++ ++

Anodendron sp. � � � (++) � � �
Cinnamomum loureiroi � � � � ++ � �

Dendrocalamus sp. � � � � � ++ ++

Fraxinus griffithii ++ � � � � � �
Livistona sp. � (++) � � � � �

Melia azedarach � ++ ++ ++ + � �
Quercus sp. � ++ � � � � �

� (++) � � � � �
Symplocos sp. � � (++) � � � �

Vernicia montana � ++ ++ ++ + � �
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in Co Muong, (c) PT, and (d) lateral view of B–B0 in Phuong Tien. Black dots indicate the localities
of C. qupephongensis grown. Bare lands surrounded by red-dotted circles indicate the traces of
slope failure.

The riparian area of the PT was distributed at the elevation of 130 m–140 m in the
valleys (Figure 5c), the watercourse meandered, and the stream-bed gradient was gentle
(Figure 5d; the altitudes of the stream beds of the upper and lower reaches are almost the
same). The sedimented area in the valley was used as a paddy field, and a few houses
existed in its surroundings. PT1 inhabited the forests on the valley slopes behind the
sedimented area, indicating that PT1 grows on vulnerable slopes and functions as a source
of sediment. The valley floors were merely used as paths in the remaining reaches, and
C. quephongensis was scattered on the banks. All stands in this area were secondary forests
regenerated after SBF termination [15]; however, they were heterogeneous in tree height,
the stands were near crop lands such as paddy fields, and the houses were more frequently
affected by anthropogenic activities; tall and middle-sized stands were distributed in a
mosaic pattern in this area.

The anthropogenic population of NS was located on a valley slope at an elevation of
160 m; thus, it was also categorized as the riparian type (Table 2). The population grew
in bush-like stands comprising bamboo and planted acacia trees, parallel to the river, at
an altitude of approximately 20 m from the riverbed. A road was constructed along the
river, and a small community existed near the population. Behind the community, on the
mountainside, the slope was covered with medium-sized trees, and deforested patches
were scattered in a mosaic pattern.
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3.4. Age Distribution Patterns

PT included heterogeneous habitats and their age distribution patterns differed; that of
PT1 was pyramid shaped with 39% of Seed. + Sap., whereas PT2 was inverted and pyramid-
shaped and lacked O-trees (Figure 6). This implies that PT is expanding in population size,
whereas PT2 is shrinking.
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Figure 6. Age distribution patterns of PT1, PT2, and NS.

In terms of NS, tree phase, that is over the age category of Y-tree I, formed a pyramid
shape; however, the portion of Seed. + Sap. was the same as that of Y-tree I (Figure 6).
The saplings transplanted seven years ago occupied the tree phase with a density of 0.9 indi-
vidual/100 m2. According to the landowner, the initial density was 2.4 individual/100 m2,
and more than half of the trees had disappeared. Considering the portion of the next
generations of Seed. + Sap., the population could shrink.

3.5. Multi-Stemming and Growth

The number of stems in PT (PT1 and PT2) did not correlate with tree height; the corre-
lation coefficient was 0.1978 (p = 0.1778), implying that multi-stemming did not constantly
develop with extension growth; that is, without aging in this case, but also induced by
external factors.

Figure 7 shows the ratios of multi-stemmed individuals in the tree phase (Y-tree + O-
tree), seedlings, and saplings (Seed. + Sap.). The ratio of multi-stemmed for the tree-
phased individuals was more than half (72.7%) in PT2 inhabiting the riparian forests, but
less than half (41.2%) in PT1 distributed in the secondary forests. However, in terms
of Seed. + Sap.-phased individuals, both PT1 and PT2 had a lower proportion of multi-
stemmed individuals than tree-phased individuals.
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3.6. Variability between Patches

Table 3 was derived from the principal component analysis of the TH, SD, NOS, and
CW variables. The first two principal components (PC1 and PC2) contributed 82.28% of C.

quephongensis individual variability, and PC1 was correlated with TH (r = 0.6556) and CW
(r = 0.5626), whereas PC2 was negatively correlated with NOS (r = �0.6288) but positively
correlated with SD (r = 0.6521). This implies that PC1 and PC2 indicate variability in size
(short with narrow crown–tall with wide crown) and growth pattern (single stem with
large diameter and multiple stems with small diameter), respectively.

Table 3. Eigenvectors of 1st–4th principal components (PC1–PC4). Percentage indicates cumulative contri-
butions.

PCs PC1 PC2 PC3 PC4

Eigenvalue 1.934 1.357 0.526 0.183
Cumulative % 48.35 82.28 95.42 100.00

Variables
TH 0.6556 0.2287 �0.0894 �0.7140
CW 0.5626 �0.3565 �0.5756 0.4744
NOS 0.3216 �0.6288 0.7079 0.0052
SD 0.3876 0.6521 0.3994 0.5148

Figure 8 shows a sample score plot for PC1–PC2, indicating that PT1 varied with tree
height and crown width, whereas PT2 ranged from single to multiple stems and from large
to small stem diameters.
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diameter–multi-stems with less diameter), respectively.

4. Discussion

4.1. Vulnerability of the Habitats

Table 4 summarizes the habitat characteristics of the study area. CM1 and PT1 grew on
slopes that are vulnerable to slope failure and/or soil erosion; thus, the included stands of
this species were pioneer forests comprising V. montana, observed frequently at the margins
of evergreen forests [21] and M. azedarach, a deciduous tree that grows in poor soil and dry
conditions [22] in the canopy layer. These pioneer species were once recruited for disturbed
areas. On the other hand, species inhabiting evergreen broadleaved forests in the tropics
and subtropics in Asia were dominant, with these pioneer species in the second layer, such
as the genus Symplocos in CM1 and Quercus in PT1 [23–25] A few decades have passed
since the SBF was terminated; consequently, ecological succession has progressed, but the
pioneer species still thrives in the canopy layers, possibly owing to irregular disturbances
such as slope failure.

In contrast, PT2 inhabited the low-altitude stream banks from the stream bed in
Fraxinus griffithii-dominated riparian forests [26], whose species component recruitment
and growth are strongly affected by floods [27,28], while C. quephongensis was one of the
dominant species in the understories of the forests.

The habitats of this species were heterogeneous among the sites, but three of them were
commonly affected by irregular or regular disturbances; CM1 and PT1 were irregularly dis-
turbed by slope failure and soil erosion, whereas PT2 was regularly submerged by flooding,
thus, C. quephongensis may be a natural and anthropogenic disturbance-adapted species.
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Table 4. Summary of the habitat of C. quephongensis.

Stand Land Morphology Dominant in Canopy Layer Vulnerability

Natural population

CM Mountain slope Pioneer forest
(evergreen broadleaved forest)

15�–30�
(20� on average)

Vernicia montana

Melia azedarach
Slope failure occurred

PT1 Valley slope Pioneer forest
(evergreen broadleaved forest)

43�
Vernicia monata

Melia azedarach

Quercus sp.

Soil erosion occurred, slope
failure possibly occurs.

PT2 Stream bank Riparian forest
35� Fraxinus griffithii Flooded

Anthropogenic population
CM2 Hill slope Plantation

15�
Cinnamomun loureiroi

Vernicia montana *

Melia azedarach *

Stable

NS Valley slope Half planted

42�–43� Bamboo
Acacia mangium

Occupied by bush-like shrubs

* indicates associate species in the canopy layer.

4.2. Adaptation Mechanisms

4.2.1. Growth Pattern Perspective
PT consisted of two patches, PT1 and PT2, which differed in their morphological

variables. The ratio of multi-stemmed trees in the tree phase in PT2 was greater than that
in PT1 (Figure 7).

PT1 ranges in tree height and crown width from smaller to larger; however, PT2,
which is frequently submerged by flooding in the rainy season, is characterized by single–
multiple stemming (Figure 8), and in general, multi-stemmed architecture is commonly
observed in riparian forests [29]. C. quephongensis can be frequently damaged by flooding
but can recover through the development of lateral shoots, consequently becoming a multi-
stemmed tree. Multi-stemming is a key trait that allows this species to persist in frequently
disturbed-forests [30,31].

The relative humidity records show that the inside of the forests was misty in the
morning during the winter season, that is, a cloud-forest-like micro-climate in the flowering
season for this species. A multi-stemmed architecture is a typical trait of trees in cloud
forests because fog and clouds reduce the amount of light received [32]. This occurred
only during the flowering season; thus, the contribution of multi-stemming to adapting
to the microclimate of its habitat throughout the year has not been elucidated, but it acts
advantageously, at least during the winter season.

4.2.2. Population Structure Perspective
PT1 and PT2 included in the same local population differed in floral characteristics and

population density. PT1 grew under the canopy of V. montana–M. azedarach on a steep slope
with a higher density of 1.4 individual/100 m2. While PT2’s habitat was a typical riparian
forest of F. griffithii with a lower density of C. quephongensis:0.3 individual/100 m2 (Table 2).

Age distribution patterns also differed between patches (Figure 6); PT1 was pyramid
shaped, supported by 39% of the total of seedlings and saplings, indicating expansion of
the patch size. In contrast, PT2 age structure was inverted pyramid-shaped; that is, the
density of seedlings and saplings was less than that of the tree phase individuals, indicating
a reduction in patch size. This population structure was previously observed in CM1
on 3 October 2018; however, a riverside patch was not confirmed on 5 December 2022.
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Likewise, habitats in the population are heterogeneous; some are of good quality, and some
are poor for the species.

Habitats producing demographic excesses are called source habitats, whereas those
producing demographic deficits are called sink habitats [33]. Based on this definition, PT1,
with an expanding age distribution pattern, can be the source habitat, whereas PT2, with
a diminishing pattern, which is frequently disturbed by flooding, can be the sink habitat.
The latter can persist through the seed supply from the former. A recent study revealed that
C. japonica disperses seeds not only by gravity but also by rodents [34]; thus, source habitats
can be a seed supplier to sink habitats. The seed dispersal of C. quephongensis should be
further studied; however, the sink-source habitat structure of this species is an important
perspective for understanding its adaptation mechanisms.

4.3. Recommended Measures for Conservation

4.3.1. Zonation
C. quephongensis populations are at risk of diminishing because of the deregulated

exploitation of its flowers. Considering the sustainable use of these natural resources,
community-based harvesting is recommended based on the zonation of harvest and protec-
tion areas. In the PT-distributed area, relatively succession-progressed stands with taller
canopies (ca. 20 m, Table 1) were the habitats of this species. However, the population size
of this species expands as succession progresses [15]; thus, even less-progressed evergreen
broadleaved stands near the current habitats could be potential habitats. Young stands,
which are potential habitats, should be added as protection areas for zonation.

4.3.2. Control of Succession
This study revealed that C. quephongensis grew preferentially under pioneer forest

canopies on vulnerable slopes that are frequently disturbed. In contrast, C. quephongensis

grown in the cinnamon plantation was planted on a gentle hill-like slope where other
competitors would be easily recruited. In fact, the anthropogenic population in the bush-
like stand diminished the density of C. quephongensis. Therefore, the owner regularly
thinned the shrub and herb layers, and the trees associated with C. loureiroi were similar
to the dominant species at CM1 and PT1. Extreme succession-progressive stands could
pressure C. quephongensis to persist. Even in naturally growing stands, adequate thinning is
recommended to control succession.

5. Conclusions

This study revealed that C. quephongensis preferentially inhabited pioneer forests
comprising V. montana and M. azedarach, and a riparian forest of F. griffithii in vulnerable
environments that are frequently disturbed, such as collapsed, eroded, and flood-occurring
areas. Their physiological capacity for multi-stemming acted as an advantageous trait to
adapt to such environments; in fact, the ratio of multi-stemmed individuals was signifi-
cantly greater in the more frequently disturbed habitats, such as the riparian forest. From a
demographic perspective, the source–sink habitat structure can be key for this species
to persist. For conservation measures, protection of potential habitats with zonation is
recommended, and considering this species grows in the succession-controlled habitats,
succession management is required for the populations to be maintained.
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