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Abstract
Sprouting regeneration is an effective mechanism for woody plants to regenerate
in situ, endowing communities with strong resilience. However, previous studies
have emphasized seed regeneration, and the characteristics of sprouting regen-
eration of woody plants in forests and their role in forest communities remain
insufficiently understood. Based on community data from a 5 hm² subtropi-
cal evergreen broad-leaved forest plot in Gutianshan National Nature Reserve,
Qianjiangyuan National Park, we analyzed the quantitative characteristics of
sprouting regeneration in woody plants and compared sprouting ability among
different taxonomic units and functional groups. The results showed that: (1)
64% of species and 20% of seed-derived individuals in the plot had undergone
sprouting regeneration, and the number of sprouting stems accounted for 24%
of the total number of individuals in the plot; (2) Sprouting ability exhibited
significant differences at both the species level and family level (F = 13.11, P <
0.001; F = 27.45, P < 0.001). Species such as Corylopsis glandulifera, Chimo-
nanthus salicifolius, Viburnum erosum, Eurya rubiginosa var. attenuata, and
Pieris formosa showed strong sprouting ability, and families such as Calycan-
thaceae, Caprifoliaceae, Magnoliaceae, and Fagaceae exhibited strong sprouting
ability; (3) Sprouting ability differed significantly among different vertical struc-
tural layers (canopy layer, sub-canopy layer, shrub layer) (F = 117.5, P < 0.001),
with the sprouting ability of shrub layer species being approximately double that
of canopy and sub-canopy layer species. Sprouting ability also differed signif-
icantly between different life forms (evergreen component vs. deciduous com-
ponent), with evergreen groups showing significantly higher sprouting ability
than deciduous groups (P < 0.001). Sprouting regeneration holds an important
position in subtropical evergreen broad-leaved forests and may represent one of
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the mechanisms for maintaining species diversity, community regeneration, and
succession. Shrub species and evergreen species possess strong sprouting ability,
suggesting that sprouting may be an ecological strategy for plants to adapt to
shaded environments.
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Abstract

Sprouting is an effective means of in-situ regeneration in woody plants that
confers strong resilience to forest communities. However, most previous studies
have focused on seedling regeneration, leaving the characteristics and ecolog-
ical significance of sprouting regeneration in forest communities insufficiently
understood. Based on community data from a 5 hm² plot of subtropical ever-
green broad-leaved forest in the Gutianshan National Nature Reserve of Qian-
jiangyuan National Park, we quantitatively analyzed the basic characteristics of
sprouting regeneration in woody plants, variations in sprouting ability among
different taxonomic and functional groups. Our results showed that: (1) 64%
of species and 20% of individuals exhibited sprouting, with sprouted stems ac-
counting for 24% of total individuals in the plot. (2) Sprouting ability varied
significantly among species and families (F = 13.11, P < 0.001; F = 27.45, P <
0.001). Specifically, Corylopsis glandulifera, Chimonanthus salicifolius, Vibur-
num erosum, Eurya rubiginosa var. attenuata, and Pieris formosa showed strong
sprouting ability, as did families including Calycanthaceae, Caprifoliaceae, Mag-
noliaceae, and Fagaceae. (3) Significant differences in sprouting ability were
detected among vertical structural layers (F = 117.5, P < 0.001), with shrub
layer species showing approximately twice the sprouting ability of canopy and
sub-canopy layers. Significant differences also existed between life forms (ever-
green vs. deciduous), where evergreen groups exhibited higher sprouting ability
than deciduous groups (F = 27.45, P < 0.001). Sprouting regeneration plays an
important role in subtropical evergreen broad-leaved forests and may represent
one of the mechanisms underlying species diversity maintenance and community
succession. The strong sprouting ability of shrub and evergreen species suggests
that sprouting may be an ecological strategy for shade tolerance.
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Introduction

Sprouting is an important regeneration strategy in the life history of woody
plants [1-3]. Through sprouting, plants can rapidly produce new stems to com-
pensate for biomass loss caused by disturbances [4]. As an effective means of in-
situ regeneration, sprouting enables forest communities to recover strongly after
disturbance [5-6] and allows plants to continuously occupy their original niches
[3,7], thereby enhancing community stability. Compared to seedling regenera-
tion, sprouting requires less time and promotes individual survival and longevity
[8-10]. However, previous forest community research has predominantly focused
on seedling regeneration, largely overlooking the distinctions between sprouting
and seedling regeneration.

Sprouting regeneration is ubiquitous in forest ecosystems [3,11], primarily occur-
ring through stem base sprouting that forms multi-stemmed individuals [12-13].
While particularly common in low-stature forest types such as shrublands [14],
sprouting species and individuals also constitute a significant proportion in tall
forests [12,15]. Sprouting ability varies among species [16], and different forest
types with distinct species compositions exhibit different sprouting regeneration
patterns [15]. Functional groups such as trees versus shrubs, as well as varia-
tions in diameter class and habitat, may also lead to different sprouting abilities,
ultimately resulting in different ecological processes and effects. Therefore, un-
derstanding the sprouting regeneration characteristics of different evolutionary
and functional groups is essential for elucidating species coexistence and com-
munity dynamics.

China’s subtropical evergreen broad-leaved forests, characterized by extensive
area and rich biodiversity, represent the main distribution of global evergreen
broad-leaved forests and provide important environmental and ecological bene-
fits [17]. However, due to overexploitation and massive human disturbance, most
primary evergreen broad-leaved forests have been replaced by secondary forests
or degraded shrublands, creating an urgent need for ecological restoration [18].
The Gutianshan National Nature Reserve within Qianjiangyuan National Park
preserves intact evergreen broad-leaved forest [18], where previous studies have
documented sprouting phenomena and suggested that sprouting regeneration
may be one mechanism maintaining community biodiversity [19]. Nevertheless,
detailed characteristics of sprouting regeneration remain inadequately observed.

Based on a subtropical evergreen broad-leaved forest plot in Qianjiangyuan Na-
tional Park’s Gutianshan region, this study analyzed the basic characteristics of
woody plant sprouting regeneration to understand the role of sprouting species
in forest communities. By comparing sprouting characteristics among different
species, taxonomic groups, and functional groups, we aim to provide a scien-
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tific basis for effective conservation and restoration of degraded vegetation in
subtropical evergreen broad-leaved forests.

1. Study Area

The study was conducted in a 5 hm² (200 m × 240 m) permanent plot estab-
lished according to the Center for Tropical Forest Science (CTFS) standards [20],
located in the Gutianshan National Nature Reserve of Qianjiangyuan National
Park (29°10�19.4�—29°17�41.4�N, 118°03�49.7�—118°11�12.2�E, elevation 350–800
m). The region experiences a mid-subtropical humid monsoon climate with
mean annual temperature of 15.3°C (27.6°C in July, 4.1°C in January) and
mean annual precipitation of 1963.7 mm. The main vegetation types include
evergreen broad-leaved forest (350–800 m), coniferous-broadleaved mixed forest
(800–1100 m), and montane dwarf forest (1100–1800 m). Evergreen broad-leaved
forest is the dominant vegetation type [18], with Castanopsis eyrei, Schima su-
perba, Pinus massoniana, and Camellia fraterna as dominant species.

2. Sprouting Indices and Functional Group Classification

This study defined sprouting regeneration as the phenomenon where new stems
sprout from the base of main stems to form multi-stemmed individuals. During
plot surveys, we recorded sprouting species, number of new stems, and diameter
at breast height (DBH). Sprouting ability at the species level was calculated as:
(number of sprouting individuals of the species)/(total individuals of the species),
representing the intensity of sprouting for that species in the community. At the
taxonomic or functional group level, sprouting ability was calculated as: (total
sprouting individuals of all species in the group)/(total individuals of all species
in the group), representing the group’s sprouting intensity.

Taxonomic comparisons were made at both species and family levels. For
species-level analysis, we included species occurring in more than 10 quadrats;
for family-level analysis, families occurring in more than 10 quadrats were in-
cluded. Functional groups were classified by vertical structural layer and life
form. Vertical structure was divided into canopy layer, sub-canopy layer, and
shrub layer. Life forms were categorized as evergreen or deciduous. Both ver-
tical layer and life form analyses included species occurring in more than 5
quadrats.

3. Data Analysis

Statistical analyses and graphing were performed in R 3.3.1 [21]. One-way
ANOVA was used to test differences in sprouting ability among species, families,
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and vertical structural layers. t-tests were used to compare sprouting ability
between evergreen and deciduous groups.

2. Results

2.1 Composition of Sprouting Individuals in the Plot A total of 89 tree
species exhibited sprouting regeneration, accounting for 63.95% of all species.
Among 23,636 recorded stems, 14,066 were single-stemmed (59.54%) and
9,570 were sprouting stems (40.46%). Of 13,657 individual plants, 8,397 were
single-stemmed (61.49%) and 5,260 were multi-stemmed sprouting individuals
(38.51%). Thus, 38.51% of stems in the plot had potential sprouting capacity,
while 61.49% of species showed no sprouting.

Composition characteristics of sprouting individuals in the 5 hm² plot

2.2 Variation in Sprouting Ability Among Taxonomic Groups At the
species level, sprouting ability varied significantly (F = 13.11, P < 0.001). The
top 20 species with strongest sprouting ability included Corylopsis glandulifera,
Chimonanthus salicifolius, Viburnum erosum, Eurya rubiginosa var. attenuata,
and Pieris formosa, all exceeding 0.5 sprouting ability. These species had large
individual numbers, wide distribution across vertical layers, and were predomi-
nantly evergreen.

At the family level, sprouting ability also differed significantly (F = 27.45, P <
0.001). Families with strong sprouting ability included Calycanthaceae, Capri-
foliaceae, Magnoliaceae, and Fagaceae. Ericaceae and Calycanthaceae had large
individual numbers and wide distribution.

Variations in sprouting capacity at species level in 5 hm² plot
Sprouting abilities of top 20 species in 5 hm² plot
Variations in sprouting capacity at family level in 5 hm² plot
Sprouting abilities of top 10 families in 5 hm² plot

2.3 Variation in Sprouting Ability Among Functional Groups Sprout-
ing ability differed significantly among vertical structural layers (F = 117.5, P
< 0.001). Shrub layer species showed the strongest sprouting ability (0.59 ±
0.21), far exceeding sub-canopy (0.30 ± 0.13) and canopy layers (0.29 ± 0.15).
The difference between sub-canopy and canopy layers was not significant (P =
0.84).

Life form also significantly influenced sprouting ability. Evergreen groups
showed significantly higher sprouting ability (0.37 ± 0.11) than deciduous
groups (0.21 ± 0.25, t = 27.45, P < 0.001).

[Figure 1: see original paper] Sprouting abilities in different functional groups
of vertical layer and life form
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3. Discussion

3.1 The Role of Sprouting Regeneration in the Community This study
found that 63.95% of species and 38.51% of stems exhibited sprouting regenera-
tion, indicating that sprouting holds both taxonomic and numerical dominance
in the Gutianshan evergreen broad-leaved forest. Previous research also showed
that after logging disturbance, recovery of mid-montane evergreen broad-leaved
forest in Ailao Mountain relied primarily on sprouting rather than seed germi-
nation [22]. In Tiantong Mountain, sprouting abundance reached 67.3% and
31.7% in two differently disturbed communities [5]. These findings demonstrate
that sprouting regeneration plays a crucial role in China’s subtropical evergreen
broad-leaved forests.

Forest species’sprouting capacity is influenced by external factors such as habi-
tat and resource availability, as well as internal factors like nutrient levels and
hormone synthesis [11-12]. The Gutianshan Nature Reserve has not experi-
enced large-scale fire or flooding in recent decades, though an ice-snow disaster
occurred in early 2008. The plot features high rock exposure rates that affect
soil and moisture conditions, potentially hindering seedling regeneration while
promoting sprouting. The prevalence of sprouting in this forest suggests it rep-
resents an important life history strategy for vegetation regeneration in this
region.

3.2 Sprouting Ability Among Taxonomic Groups Both species- and
family-level sprouting abilities varied significantly in our plot. Previous studies
have documented interspecific variation in sprouting ability [16,24]. Vesk and
Westoby [15] found that across 252 species globally, sprouting ability was not
phylogenetically conserved, suggesting sprouting strategies may be evolution-
arily unstable or have multiple origins. Some species such as Corylopsis glan-
dulifera, Eurya rubiginosa var. attenuata, Pieris formosa, and Cyclobalanopsis
glauca, along with families like Fagaceae, Magnoliaceae, and Calycanthaceae,
employ more sprouting strategies than others, contributing to forest commu-
nity stability. Studies in Tiantong Mountain and Gutianshan also found strong
sprouting ability in Schima superba (Theaceae), Lithocarpus glaber (Fagaceae),
Chimonanthus salicifolius (Calycanthaceae), Viburnum erosum (Caprifoliaceae),
and some Ericaceae species [5,23]. These taxa should be prioritized as pioneer
species for restoration of mid-subtropical evergreen broad-leaved forest ecosys-
tems.

3.3 Sprouting Ability Among Functional Groups Significant differences
in sprouting ability existed among vertical structural layers, with shrub layer
species showing the strongest capacity. Previous research also found sprouting
more common in shrub layers [25-26]. Non-sprouting trees allocate resources
to rapid vertical growth to reach the canopy, while sprouting trees divide re-
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sources among multiple stems, limiting rapid vertical growth of any single stem
and typically forming low shrub layers [25,27-28]. In our plot, the top 20 sprout-
ing species were mostly shrubs, particularly Chimonanthus salicifolius, which
occurred in nearly every quadrat with the highest individual numbers. From
a disturbance avoidance perspective, more tree species may grow rapidly to es-
cape or resist environmental stress, while shrub species, constrained by height
and growth disadvantages, may adopt more sprouting strategies to tolerate and
survive disturbances [8,29].

We also found significant differences between life forms, with evergreen groups
showing higher sprouting ability than deciduous groups. Evergreen and decid-
uous species represent two important life form components in evergreen broad-
leaved forests [17]. Evergreen species have smaller specific leaf area and lower
photosynthetic nitrogen use efficiency, allowing them to save leaf nutrient costs
and allocate more energy to structural materials, which may confer advantages
in nutrient-poor soils [30-31]. In our 5 hm² plot, evergreen species were more
common on slopes with thin soil layers and high rock exposure, while decidu-
ous species dominated valleys with thicker soils. The higher sprouting ability
of evergreen species may reflect this trade-off in structural material investment
and suggests sprouting regeneration may be associated with tolerance to soil
infertility.

4. Conclusion

Sprouting regeneration occupies an important position in subtropical evergreen
broad-leaved forests, with substantial variation among evolutionary lineages
and functional groups. Understory shrub species and evergreen species exhibit
strong sprouting ability, suggesting that sprouting may be an ecological strategy
for adapting to shaded environments. Sprouting represents an important regen-
eration mechanism in these communities. Future research should investigate the
evolutionary history of sprouting ability in evergreen broad-leaved forest species
and conduct tolerance experiments comparing sprouting and seedling strategies
to deepen our understanding of sprouting regeneration’s role in community
dynamics.

Acknowledgments

We thank the Gutianshan Biodiversity and Climate Change Research Station
of the Institute of Botany, Chinese Academy of Sciences, and the Ecological
Resource Protection Center of Qianjiangyuan National Park for their assistance.

chinarxiv.org/items/chinaxiv-201805.00506 Machine Translation

https://chinarxiv.org/items/chinaxiv-201805.00506


References

[1] Progress in ecological research on woody plant sprouting. Chinese Journal
of Ecology, 2007, 26(7): 1114-1118.
[2] Research progress on sprouting regeneration of woody plants. Chinese Jour-
nal of Applied Ecology, 2005, 16(12): 2459-2464.
[3] Bellingham PJ, Sparrow AD. Resprouting as a life history strategy in woody
plant communities. Oikos, 2000, 89(2): 409-416.
[4] Clarke PJ, Lawes MJ, Midgley JJ. Resprouting as a key functional trait in
woody plants-challenges to developing new organizing principles. New Phytolo-
gist, 2010, 188(3): 651-654.
[5] Wang XH, Kent M, Fang XF. Evergreen broad-leaved forest in Eastern China:
its ecology and conservation and the importance of resprouting in forest restora-
tion. Forest Ecology and Management, 2007, 245(1/3): 76-87.
[6] Simões CG, Marques MCM. The role of sprouts in the restoration of Atlantic
rainforest in southern Brazil. Restoration Ecology, 2007, 15(1): 53-61.
[7] Bond WJ, Midgley JJ. Ecology of sprouting in woody plants: the persistence
niche. Trends in Ecology & Evolution, 2001, 16(1): 45-51.
[8] Poorter L, Kitajima K, Mercado P, et al. Resprouting as a persistence strat-
egy of tropical forest trees: relations with carbohydrate storage and shade tol-
erance. Ecology, 2010, 91(9): 2613-2627.
[9] Tanentzap AJ, Mountford EP, Coomes DA. The more stems the merrier: ad-
vantages of multi-stemmed architecture for the demography of understory trees
in a temperate broadleaf woodland. Journal of Ecology, 2012, 100(1): 171-183.
[10] Sprouting characteristics of Cleyera pachyphylla in Baishanzu evergreen
broad-leaved forest. Acta Ecologica Sinica, 2015, 35(16): 5385-5392.
[11] Research progress on forest sprouting regeneration. Forest Research, 2007,
43(9): 74-82.
[12] Bellingham PJ, Sparrow AD. Multi-stemmed trees in montane rain forests:
their frequency and demography in relation to elevation, soil nutrients and dis-
turbance. Journal of Ecology, 2009, 97(3): 472-483.
[13] Ye J, Hao ZQ, Wang XG, et al. Local-scale drivers of multi-stemmed tree
formation in Acer in a temperate forest of Northeast China. Chinese Science
Bulletin, 2014, 59(3): 320-325.
[14] Hodgkinson KC. Sprouting success of shrubs after fire: height-dependent
relationships for different strategies. Oecologia, 1998, 115(1/2): 64-72.
[15] Vesk PA, Westoby M. Sprouting ability across diverse disturbances and
vegetation types worldwide. Journal of Ecology, 2004, 92(2): 310-320.
[16] Shibata R, Shibata M, Tanaka H, et al. Interspecific variation in the size-
dependent resprouting ability of temperate woody species and its adaptive sig-
nificance. Journal of Ecology, 2014, 102(1): 209-220.
[17] China’s evergreen broad-leaved forests: classification, ecology, and conser-
vation. Science Press, 2013.
[18] Forest vegetation types in Gutianshan Nature Reserve, Zhejiang. Journal
of Zhejiang University (Agriculture and Life Sciences), 2001, 27(4): 23-28.
[19] Sprouting characteristics and their relationship with community species di-

chinarxiv.org/items/chinaxiv-201805.00506 Machine Translation

https://chinarxiv.org/items/chinaxiv-201805.00506


versity in Gutianshan evergreen broad-leaved forest. Biodiversity Science, 2017,
25(4): 393-400.
[20] Condit R. Research in large, long-term tropical forest plots. Trends in Ecol-
ogy & Evolution, 1995, 10(1): 18-22.
[21] R Development Core Team. R: A Language and Environment for Statistical
Computing. Vienna, Austria: R Foundation for Statistical Computing, 2016.
[22] Study on sprouting characteristics of tree species in mid-montane moist ev-
ergreen broad-leaved forest of Ailao Mountain, Yunnan. Acta Ecologica Sinica,
2008, 28(5): 627-632.
[23] Analysis of root sprouting characteristics of Castanopsis eyrei and Schima
superba forest in Gutianshan Chawan plot. Journal of Zhejiang University, 2014,
41(5): 573-582, 592-592.
[24] Itoh A, Yamakura T, Kanzaki M, et al. Rooting ability of cuttings relates to
phylogeny, habitat preference and growth characteristics of tropical rainforest
trees. Forest Ecology and Management, 2002, 168(1/3): 275-287.
[25] Kruger LM, Midgley JJ, Cowling RM. Resprouting vs reseeding in South
African forest trees: a model based on forest canopy height. Functional Ecology,
1997, 11(1): 101-105.
[26] Lasso E, Engelbrecht BMJ, Dalling JW. When sex is not enough: ecological
correlates of resprouting capacity in congeneric tropical forest shrubs. Oecolo-
gia, 2009, 161(1): 43-56.
[27] Clarke PJ, Knox KJE. Trade-offs in resource allocation that favour resprout-
ing affect the competitive ability of woody seedlings in grassy communities.
Journal of Ecology, 2009, 97(6): 1374-1382.
[28] Shibata R, Kurokawa H, Shibata M, et al. Relationships between resprout-
ing ability, species traits and resource allocation patterns in woody species in a
temperate forest. Functional Ecology, 2016, 30(7): 1205-1215.
[29] Vesk PA. Plant size and resprouting ability: trading tolerance and avoid-
ance of damage? Journal of Ecology, 2006, 94(5): 1027-1034.
[30] Jiang Y, Chen XB, Ma JM, et al. Interspecific and intraspecific variation
in functional traits of subtropical evergreen and deciduous broadleaved mixed
forests in Karst topography, Guilin, Southwest China. Tropical Conservation
Science, 2016, 9(4), doi: 10.1177/1940082916680211.
[31] Coexistence mechanisms of evergreen and deciduous species based on topo-
graphic factors in Tiantong region. Biodiversity Science, 2012, 20(2): 159-167.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201805.00506 Machine Translation

https://chinarxiv.org/items/chinaxiv-201805.00506

	Postprint: Coppice Regeneration Characteristics of Woody Plants in the Evergreen Broad-Leaved Forest at Gutian Mountain, Qianjiangyuan National Park
	Abstract
	Full Text
	Sprouting Characteristics of Woody Species in a Subtropical Evergreen Broad-Leaved Forest in Gutianshan of Qianjiangyuan National Park, East China
	Abstract
	Introduction
	1. Study Area
	2. Sprouting Indices and Functional Group Classification
	3. Data Analysis
	2. Results
	3. Discussion
	4. Conclusion
	Acknowledgments
	References



