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Sensitivity to climate change is one of the key features of the Dinghushan National
Nature Reserve that is located in the lower subtropical China. Having faced typhoon
Mangkhut in 2018, there emerged a need to study the effects that the typhoon had on
the evergreen broad-leaved forest community in Dinghushan. The forest composition
data for 2015, 2018, and 2020 was used in this study. The aim was to establish a
scientific basis for the restoration of natural forests that have the ability to withstand
strong weather phenomena such as typhoons and the hypothesis stated that typhoon
Mangkhut had a long-term detrimental effect on the forest community in Dinghushan
forest. The results showed that trees that have a DBH of less than 5 cm and a height
of less than 2 m were more prone to damage during a severe weather events. In 2015,
there was a total of 5,682 trees per hectare while in 2018 there was a total of 5,022
trees per hectare showing a decline in the number of trees per hectare of 660 due to
the typhoon. Number of trees in each DBH class, height class, total above ground dry
weight and average tree height was also lower in 2018 as compared to 2015 and 2020.
The species abundance was also adversely affected with a loss of 672 species per
hectare in 2018 compared to 2015. In 2020, about 83% of all trees had a DBH of less
than 5 cm and an average height of 3.8 m making up a large proportion of trees that
could be damaged if another storm occurred of similar or greater magnitude as the one
that hit the region in 2018. Of interest was the forests remarkable ability to bounce back
as there is an increase in biomass when 2018 is compared to 2020. The results support
the hypothesis of the study. It is therefore of utmost importance that strategies be put in
place to protect this ecosystem and others of a similar nature, by employing the use of
natural forests that have great resilience against typhoons.

Keywords: Dinghushan Nature Reserve, typhoon Mangkhut, community composition and structure, biomass,
monsoon evergreen broad-leaved forest
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INTRODUCTION

Climate change is threatening tropical forest communities in
a variety of ways, such as increasing the frequency of severe
drought, large fires, storms, and flooding (Davidson et al.,
2012). There are various scientific arguments on the relationship
between typhoons and global climate change, but relevant studies
support the fact that typhoons are closely related to global climate
change. It has been demonstrated through climatic simulations
that under the influence of climate change, the severity of
typhoons will increase in frequency and magnitude especially
in lower latitudes, such as the latitude where lower subtropical
China is found, more than in higher latitudes, a prediction that
puts evergreen broad-lived forests such as Dinghushan in direct
harm’s way in future typhoon events that will inevitably occur
(Takemi et al., 2016). As a natural disturbance factor, a typhoon
has a short influence time but great destructive power. It not only
has strong winds, but also brings a sharp increase in precipitation
(Lin et al., 2011); it directly causes mechanical damage to
the forest community, and affects the species composition and
structure, water, litter, and soil nutrient cycling processes and
ecosystem stability in the forest community (Kauffman and
Cole, 2010; Wang et al., 2018). Tropical cyclones also have the
capacity to cause canopy gaps of various scales that have an
impact on understory light permeability and nutrient availability
thus impacting forest regeneration and species composition,
moreover, forests that have a high density such as Dinghushan
experience greater damage due to a high ratio of tree height to
diameter breast height and relatively weak roots (Liu et al., 2012).
The deposition of large amounts of litterfall into the forest floor
as a result of a typhoon has been recorded to increase nutrient
availability such as P or K in the soil beyond normal amounts as
the fresh vegetation fall contains more nutrients thus leading to
a situation where the microorganisms and vegetation are unable
to breakdown, absorb, and retain the nutrients in the ecosystem
leading to nutrient loss through runoff and stream water (Liu
et al., 2012; Peng et al., 2012; Lin K. C. et al., 2017). For a given
stem diameter, trees that were shorter with dense and stiffer wood
were found to be more likely to be uprooted while those with
strong wood were more likely to be snapped during a storm
(Putz et al., 1983). In the past two decades, many scientists have
carried out extensive research on the impact of typhoons on forest
communities (Lin et al., 2011; Lin K. C. et al., 2017). The impact
of storm events on vegetation has also been systematically studied
all over the world. In the Caribbean for example, hurricanes have
been found to impact ecosystems and alter the structure of plant
and animal communities (Walker et al., 1991). The impact of a
typhoon on forests in Australia has also been studied and the
effects documented (Bellingham, 2008). China is one of the main
countries affected by typhoons, with frequent typhoons along
the southeast coast, especially in Hainan. For the tropical forest
in Hainan, a typhoon affects the redistribution of rainstorms,
causing changes in hydrological function, mechanical damage of
the forest community, increased litter and increased soil loss (Xu
et al., 2008; Liu et al., 2012). In China, however, the impact of
a typhoon on the subtropical monsoon evergreen broad-leaved
forest community has not been reported, and the research on

typhoons in China is less developed compared to other natural
disasters such as fire and drought.

The super typhoon “Mangkhut” that occurred on September
16, 2018 had a profound impact on the forest ecosystem of
Dinghushan Nature Reserve, especially as it is a monsoon
evergreen broad-leaved forest. The occurrence of the typhoon
led to a large number of fallen trees, broken branches, and
fallen leaves. Long term monitoring of vegetation favored the
studying of the influence of a typhoon on the monsoon evergreen
broad-leaved forest systematically and comprehensively in lower
subtropical China. In this study, the vegetation composition and
structure of a monsoon evergreen broad-leaved forest before and
after the typhoon were compared and analyzed, to find out the
community structure and species diversity change law, analyze
the impact factors of wind fallen trees and the impact of a typhoon
on tropical forest biomass and carbon return processes. The study
aimed to provide a scientific basis for vegetation restoration of
natural forests that are composed of strong wind resistant tree
species in typhoon prone areas and degraded natural forests
by monitoring the long-term dynamic changes of community
characteristics of monsoon evergreen broad-leaved forests. The
hypothesis tested in this study was, Typhoon Mangkhut had a
long term detrimental impact on forest community structure
in Dinghushan forest. This study will be helpful in improving
the ability to deal with natural disasters in the future and
to study the impact of typhoons on vegetation in connection
to the possible extreme climate events under the situation of
global climate change.

MATERIALS AND METHODS

Study Site Description
Dinghushan National Nature Reserve (23◦09′21′′–23◦11′30′′N,
112◦30′39′′–112◦33′41′′E) is located in Dinghu District,
Zhaoqing City, Guangdong Province, covering a total area
of 1,155 ha. The main terrain is made up of hills and low
mountains, with an elevation of 100–700 m. The area has a
south subtropical monsoon climate, with an annual rainfall
of 1,714 mm and an average annual humidity of 76%. The
wet season is from April to September, and the dry season is
from October to March. The wet season rainfall accounts for
about 80% of the annual precipitation. The average annual
temperature is 22.5◦C, the average temperature of the coldest
month (January) and the hottest month (July) is 13.8 and
28.8◦C. The geological basis is mainly Devonian sandstone,
sand shale, shale and quartz sandstone, and the zonal soil is
southern subtropical lateritic red soil (Zou et al., 2018). The plant
community in Dinghushan is evergreen all the year round, and
the canopy density is about 95%. According to the succession
of the forest ecosystem, the plant community in Dinghushan
can be divided into masson pine coniferous forest in the early
stage of succession, coniferous, and broad-leaved mixed forest
in the middle stage of succession and monsoon evergreen
broad-leaved forest in the late stage of succession. Monsoon
ever-green broad-leaved forest, close to the Buddhist temple,
is distributed in the core area of the reserve and has not been
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FIGURE 1 | The landscape of the site, the upper plate showed before typhoon Mangkhut (September 2016), and the lower plate showed after (September 2018).

disturbed for more than 400 years. A series of studies was done to
demonstrate that the forest has not been disturbed for that long
(Zhou et al., 2013). The main species in the tree layer of monsoon
evergreen broad-leaved forest are Castanopsis chinensis, Schima
superba, Cryptocarya concinna, Cryptocarya chinensis, Gironniera
subaequalis, Macarashell cnga sampsonii, Aidia canthioides, etc.
(Zou et al., 2018). To investigate the long-term impacts of
climate change and human activities on ecological resilience,
biodiversity, and ecosystem services, a long-term monitoring

project on the dynamics of monsoon evergreen broadleaved
forest began in 1978. And a 1-ha permanent monitoring site in
the monsoon evergreen broad-leaved forest was established. The
well-preserved monsoon evergreen broad-leaved forest suffered
from the typhoon Mangkhut heavily in 2018, the landscape of
the site before and after the typhoon are shown in Figure 1.
Based on the old monitoring data, brief description of the
permanent site is shown in Table 1 (Zhang, 2011; Zhou et al.,
2013, 2014).
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TABLE 1 | Brief description of the permanent site.

No. Site name Monsoon evergreen broad-leaved forest site

1 Succession stage Top-stage

2 Location 23◦10′ 24.41′ ′N, 112◦32′ 50.85′ ′E

3 Altitude/m 230–350

4 Aspect NE

5 Slope/(◦) 25–35

6 Area/m2 1

7 Stand age/a >400

8 Crown density/% >95

9 Leaf area index 6.2

10 Stand density/plant·ha 4,538

11 Biomass/t·ha 290.0

12 Soil type Red soil

Methods
Community Surveys
We surveyed the tree community since 1978, the data collection
of this study was surveyed in 2015, 2018, and 2020. All individuals
with a diameter at breast height (DBH at 1.3 m above the
ground) ≥ 1 cm and a height ≥ 1.5 m in the permanent sample
plot were labeled, during the measurement period, all individuals
were accurately traced. The difference between 2015 and 2018,
resulting from the typhoon, was an area of focus during the data
collection procedures and we also emphasized the data collected
in 2018 and 2020 in our analysis for post-typhoon community
structure survey. To facilitate comparisons, we classified all
individuals into four classes based on diameter at breast height
(DBH): 1≤DBH≤ 5 cm, 5 < DBH≤ 10 cm, 10 < DBH≤ 20 cm,
and DBH > 20 cm). According to the protocols for standard
biological observation and measurement in terrestrial ecosystems
(Committee of Chinese Ecological Research Network, 2019), the
unified methods were applied to community field survey and
biomass calculation (Sam, 1973). The detailed field survey date
were November, 2015, 2018, and October, 2020.

Statistical Analysis
The statistical analysis was done using Sigma Plot for Windows
version 14.0 Build 14.0.0.124. Data derived from 100 10 × 10 m
plots was divided into DBH classes and clustered into 2018
and 2020 equivalent variants for variable analysis. Descriptive
statistics as well as graphical analysis were used for the
quantitative analysis of the data. Linear and non-linear
correlation was performed using standard and polynomial
quadratic curve functions. The slopes of the regression that had
an R square value of >0.7 and a p-value of <0.05 were accepted
as statistically significant.

RESULTS

Tree Damage Analysis in 2018 as a
Result of Typhoon Mangkhut
Trees that had a DBH of less than 5 cm and a height of less than
2 m were most likely to be destroyed in a storm as shown in

Figures 2A,B; this may perhaps be because of how feeble these
small trees were lacking the structure and vigor to anchor to
the soil when a large storm hits. Figures 2A,B clearly illustrates
that any tree that had a DBH of less than 10 cm and a height of
less than 10 m suffered damage or even complete destruction in
the presence of a large storm. It is, however, counter-intuitively
to note that taller trees that had a height of greater than 20 m
and a DBH of more than 20 cm faced minimal damage in a
storm despite having a large surface area of their above ground
foliage exposed to the elements a situation that may have had
something to do with their greater capacity to anchor deep into
the soil using their larger roots and therefore withstand a storm
with minimal damage.

Out of the 1,290 recorded damaged trees in Dinghushan
forest, only five trees that had a height of 20 m or above were
damaged and only seven that had a DBH of greater than 40 cm
were damaged with Canarium album (Loureiro) Raeuschel and
Castanopsis chinensis (Spreng.) (Table 5) hence being the only
two large trees that had damage inflicted on them by the storm
a fact that probably had to do with their structure or how firmly
they anchored to the soil and how deep their roots grew. As a
whole, there were 1,290 damaged trees (25.71%) and 488 fallen
trees (9.73%) making up a total of 5,017 trees per hectare affected
by the storm in 2018.

DBH classes of less than 5 cm had the highest number of
fallen trees per hectare (Figure 3A). The average DBH of fallen
trees was 9.38 cm while the tree with the largest DBH that fell
was 35.4 cm with Blastus cochinchinensis Lour. having a height
classes of between 2 and 5 m having the highest number of fallen
trees per hectare (Table 5). The average height of a fallen tree
was 8.89 m whereas the tallest tree that fell was 20 m belonging
to Pygeum topengii Merr species. DBH and the height of a tree
therefore had role in determining whether a tree would fall during
a typhoon in Dinghushan forest. Macaranga sampsonii Hance
had the highest number of fallen trees at a count of 127 per
hectare with an average DBH of 3.5 cm and an average height
of 4.65 m followed by Blastus cochinchinensis Lour. with 99
fallen trees per hectare having an average height of 4.86 m and
a DBH of 3.89 cm (Table 5). In general, shorter trees of less
than 5 m in height with a small DBH of less than 5 cm had a
greater probability of falling during a typhoon or strong storm in
Dinghushan forest.

Statistical and Analytical Comparisons of
Dinghushan Forest Composition in 2015,
2018, and 2020
In 2015 there was a total of 5,682 trees per hectare (Table 2) while
in 2018 there was a total of 5,022 trees per hectare (Table 3)
showing a decline in the number of trees per hectare of 660.
In 2020, about 83% of all trees had a DBH of less than 5 cm
and an average height of 3.8 m (Table 4) making up a large
proportion of trees that could be destroyed or damaged if another
storm occurred of similar or greater magnitude as the one that
hit the region in 2018. Table 3 illustrates clearly a decline in
number of trees and above ground biomass as compared to
Table 4 partly as a result of the storm that hit the forest in

Frontiers in Ecology and Evolution | www.frontiersin.org 4 May 2021 | Volume 9 | Article 692155

https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles


fevo-09-692155 May 25, 2021 Time: 14:13 # 5

Li et al. Effect of Typhoon on Dinghushan Forest Community

FIGURE 2 | Number of trees damaged (A) in DBH class, (B) in height class.

FIGURE 3 | Number of trees in each DBH class per hectare in 2015, 2018, and 2020 (A) all DBH classes, (B) 15 to >50 cm DBH class.

TABLE 2 | Data on the number, tree height, above ground weight, and below ground weight of Dinghushan forest station in the year 2015 divided into DBH classes.

DBH class Number % Tree height range Average tree height (m) Total above ground biomass (kg) Total below ground biomass (kg)

1.0–4.9 4,510 79.37 1.30–11.0 3.9 6,558.794 1,774.52

5.0–9.9 768 13.52 2.0–16.0 7.7 11,301.46 2,848.504

10.0–14.9 193 3.4 5.3–23.0 11.5 11,615.35 2,631.341

15.0–19.9 65 1.14 4.5–23.0 14.7 12,964 2,993.64

20.0–24.9 40 0.7 9.5–27 17.6 18,769.83 4,384.15

25.0–29.9 34 0.6 10–29 18.9 33,119.46 7,665.16

30.0–34.9 26 0.5 5–35 20.9 28,598.81 7,034.23

35.0–39.9 15 0.26 17–30 23 13,695.77 3,017.49

40.0–44.9 11 0.19 16–33 22 11,563.32 2,971.93

45.0–49.9 7 0.12 15.5–32 24.9 10,384.93 2,684

>50 13 0.23 21–37 27.1 44,125.59 26,646.79

Total 5,682 20,2697.3 64,651.76
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TABLE 3 | Data on the number, tree height, above ground weight, and below ground weight of Dinghushan forest station in the year 2018 divided into DBH classes.

DBH class Number % Tree height range (m) Average tree height (m) Total above ground biomass (kg) Total below ground biomass (kg)

1.0–4.9 3,886 77.38 1.3–10.3 3.7604 6,002.6373 1,589.9009

5.0–9.9 735 14.64 1.3–13.5 6.9588 9,762.2462 2,427.657297

10.0–14.9 187 3.72 2–20 9.6155 8,844.7617 2,060.7894

15.0–19.9 69 1.37 2.5–20 12.6072 10,554.3517 2,359.3096

20.0–24.9 42 0.84 3.2–27 14.1 7,887.4436 3,203.3995

25.0–29.9 37 0.74 2.5–27.8 17.2351 14,372.76331 5,042.3359

30.0–34.9 18 0.36 5.5–27 15.6 22,638.5977 7,063.215

35.0–39.9 17 0.33 12–23.6 33.5 27,226.5883 3,247.4078

40.0–44.9 13 0.26 9–27 19.05 14,198.3727 2,047.2766

45.0–49.9 1 0.02 25–28 26.9 8,905.0222 1,185.7276

>50 17 0.33 13–31 23.8824 79,964.9465 19,878.4857

Total 5,022 210,357.7312 50,105.5053

TABLE 4 | Data on the number, tree height, above ground weight, and below ground weight of Dinghushan forest station in the year 2020 divided into DBH classes.

DBH class Number % Tree height range Average tree height (m) Total above ground biomass (kg) Total below ground biomass (kg)

1.0–4.9 5,713 83 1.3–12 3.8 8,258.8179 2,160.6477

5.0–9.9 773 11.2 1.8–14 7.6 11,282.4295 2,803.9167

10.0–14.9 197 2.9 1.6–20 10.3 10,123.7724 2,323.2888

15.0–19.9 60 0.9 3–19.5 13.5 10,184.8573 2,224.7707

20.0–24.9 39 0.6 2.5–23 14.2 12,990.8622 2,908.6599

25.0–29.9 34 0.5 11–28 18 23,332.3817 5,385.8542

30.0–34.9 15 0.2 7.2–23 14.9 15,783.4297 3,821.2085

35.0–39.9 3 0.04 8.5–33.5 21.4 16,344.3611 3,295.0315

40.0–44.9 12 0.2 10–27.5 20.9 33,557.2576 9,106.0976

45.0–49.9 4 0.06 25.5–28 27.3 4,826.9879 1,597.946

>50 17 0.2 15–28 24.7 88,650.6655 23,986.3109

Total 6,867 235,335.8228 59,613.7325

2018. Trees with a DBH of less than 5 cm made up the majority
of the plants within the area in Dinghushan forest (Figure 2);
within this DBH of less than 5, there were a total of 4,510
trees per hectare making up 79.37% of all trees in 2015, 3,886
trees per hectare making up 77.38% of all the trees in 2018 and
5,713 trees per hectare making up 83% in 2020 (Tables 2–4)
thus illustrating the potential that Dinghushan forest has both
to thrive when the conditions allow and at the same time to be
heavily damaged in a storm.

Figure 3 shows a lower population of trees in 2018 compared
to 2015 and 2020 in the 1–5 cm DBH classes illustrating
their vulnerability to a severe storm or typhoon. Trees with a
larger DBH of greater than 25 cm are shown to have fared
on well despite the typhoon perhaps their larger physiological
structures helped them withstand the typhoon better than their
smaller counterparts. In Figure 4, the number of trees per
hectare are displayed according to their height. The year 2018
repeatedly had fewer individual trees per hectare as compared
to both 2015 and 2020 illustrating the effect the typhoon
had on the Dinghushan ecosystem with even the taller trees
with a height greater than 27 m being adversely affected and
reducing in number.

Biomass per hectare was consistently lower in the year 2018 as
shown on Figure 5 with only one DBH class (35–39.9 cm) being

higher than the rest of the years being compared in the study.
The ability of Dinghushan forest to bounce back after facing
a destructive weather event such as a typhoon is illustrated in
Figure 5 as well. Even though the total above ground biomass is
lower in 2018 just after the storm hit the forest, the forest quickly
recovers and the increases is reflected in Tables 2–4 and Figure 5.

Tree height was also affected by the typhoon in 2018 because
the height of trees per DBH class in 2015 and in 2020 was
higher except only in one DBH class (35–39.9 cm) which was
higher than expected (Figure 6). This result shows that in
general, typhoons and storms impact tree height resulting in
on average shorter trees in every DBH class. Linking to the
physical damage, after the typhoon, the community structure
changed significantly, with 1,290 damaged trees (25.71%) and 488
fallen trees (9.73%).

Species Composition Analysis in
Dinghushan Forest in 2015, 2018, and
2020
We found dominant species including Cryptocarya concinna
Hance, Lasianthus chinensis (Champ.) Benth., Meliosma rigida
Siebold et Zucc., Pygeum topengii Merr., Schima superba,
Gardner et Champ., Sterculia lanceolata Cav., and Syzygium
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FIGURE 4 | Number of trees per hectare in each height class in 2015, 2018, and 2020 (A) all height classes, (B) 13 to <27 m height class.

FIGURE 5 | Biomass per hectare divide into DBH classes for 2015, 2018, and 2020.

levinei (Merr.) Merr. et L. M. Perry were resilient tree species
against a strong storm, and therefore they did not easily fall
down in spite of the typhoon as illustrated in Figure 7B. On
other hand, Blastus cochinchinensis Lour., Cryptocarya chinensis
(Hance) Hemsl., Gironniera subaequalis Planch., Macaranga
sampsonii Hance, Mallotus paniculatus (Lam.) Müll. Arg.,
Pterospermum lanceifolium Roxb. were non-wind resistant

tree species (Figure 7A). The tree fall of the non-wind
resistant tree species contributed 9.37% of the total biomass
returned to soil.

The total average biomass, number of species and species
abundance was lower in 2018 as compared to both 2015 and
2020 as shown in Figures 7A,B. The biomass was 192,584.5474 kg
ha−1 in 2015, 188,487.1375 kg ha−1 in 2018, and 236,131.0484 kg
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FIGURE 6 | Average tree height in each DBH class in 2015, 2018, and 2020.

FIGURE 7 | Species abundance in (A) species most affected by the typhoon (B) Species least affected by the typhoon.
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TABLE 5 | Number of trees damaged during the 2018 typhoon.

Species Number Average DBH
(cm)

Average
height (m)

Macaranga sampsonii Hance 298 3.7607 4.4675

Aidia canthioides (Champ. ex Benth.)
Masam.

181 2.6033 3.695

Aporosa yunnanensis (Pax and
K.Hoffm.) F.P.Metcalf

175 6.6468 5.1069

Blastus cochinchinensis Lour. 169 1.7721 2.7721

Mischocarpus pentapetalus (Roxb.)
Radlk.

45 2.4466 3.377

Syzygium acuminatissimum (Blume)
DC.

42 11.8142 7.3095

Gironniera subaequalis Planch. 36 17.6944 9.03611

Ormosia glaberrima Y. C. Wu 35 3.1714 3.91714

Syzygium rehderianum Merr. et L. M.
Perry

33 7.7606 6.0727

Pterospermum lanceifolium Roxb. 27 8.7814 6.7525

Mallotus paniculatus (Lam.) Müll. Arg. 25 12.4 7.136

Ficus esquiroliana H. Lév. 20 6 4.35

Canarium album (Loureiro) Raeuschel 19 10.6157 6.1789

Cryptocarya concinna Hance 18 2.0722 3.5277

Sarcosperma laurinum (Benth.) Hook. f. 16 8.7187 6937

Pygeum topengii Merr. 13 9.3923 6.5153

Xanthophyllum hainanense Hu 13 4.6461 4.1307

Cryptocarya chinensis (Hance) Hemsl. 12 18.875 8.1

Ardisia quinquegona Blume 8 1.8375 2.9

Schefflera heptaphylla (Linn.) Frodin 8 11.1125 5.1875

Microdesmis caseariifolia Planch. ex
Hook. f.

7 5.474 3.1571

Bridelia balansae Tutcher 6 5.0666 3.4833

Castanopsis chinensis (Spreng.) Hance 5 43.38 9.9

Macaranga andamanica Kurz 5 5.52 3.44

Machilus chinensis (Champ. ex Benth.)
Hemsl.

5 12.3 5.52

Neolitsea cambodiana Lecomte 5 2.02 4.02

Acronychia pedunculata (L.) Miq. 4 15.05 11.75

Memecylon ligustrifolium Champ. ex
Benth.

4 7.025 5.3

Sterculia lanceolata Cav. 4 4.175 3

Archidendron lucidum (Benth.) I.C.
Nielsen

3 4.48333 4.6333

Ardisia waitakii C. M. Hu 3 11.6 12.1666

Craibiodendron scleranthum var.
kwangtungense (S. Y. Hu) Judd

3 9.86666 5.233333

Lasianthus chinensis (Champ.) Benth. 3 1.5 2.0333

Lindera chunii Merr. 3 7.3 6.7333

Schima superba Gardner et Champ. 3 17.833 8.733

Canthium horridum Blume 2 10.25 9.5

Carallia brachiata (Lour.) Merr. 2 4.3 3.9

Casearia velutina Blume 2 2.7 4.05

Chrysophyllum lanceolatum var.
stellatocarpon P. Royen

2 6.5 3.8

Croton lachnocarpus Benth. 2 2.5 2.65

Engelhardia roxburghiana Wall. 2 21.5 10.25

Ilex cochinchinensis (Lour.) Loes. 2 3.05 4

Psychotria asiatica L. 2 3.45 3.25

(Conitnued)

TABLE 5 | Conitnued

Species Number Average DBH
(cm)

Average
height (m)

Syzygium levinei (Merr.) Merr. et L. M.
Perry

2 4.1 5.1

Artocarpus styracifolius Pierre 1 3.1 6.5

Caryota maxima Blume ex Mart. 1 15.5 8.6

Casearia glomerata Roxb. 1 1.1 1.6

Elaeocarpus dubius A. DC. 1 3.9 5.9

Elaeocarpus sylvestris (Lour.) Poir. 1 19.5 15

Euonymus laxiflorus Champion et
Bentham

1 1.6 2.7

Ficus nervosa B. Heyne ex Roth 1 5.2 2.6

Ficus variolosa Lindl. ex Benth. 1 1.5 1.8

Glochidion eriocarpum Champion ex
Bentham

1 1.3 1.9

Ilex chapaensis Merr. 1 16.2 10.5

Litsea verticillata Hance 1 2.1 3

Meliosma rigida Siebold et Zucc. 1 9.5 9

Michelia odora (Chun) Noot. et B. L.
Chen

1 110 16

Nauclea officinalis (Pierre ex Pit.) Merr.
et Chun

1 2 1.6

Pavetta hongkongensis Bremek. 1 1.6 1.6

Pterospermum heterophyllum Hance 1 3.8 3.8

ha−1 in 2020 numbers that give a glimpse of the destruction
and loss experienced in the forest during the typhoon. The
species abundance was also adversely affected with a loss
of 672 species per hectare compared to 2015 and a gain
of 1,851 species per hectare compared to the year 2020
(Figure 7B). The findings illustrated when observed in their
totality, support the hypothesis that typhoon Mangkhut did have
a long-term detrimental impact on the forest community in
Dinghushan forest.

DISCUSSION AND CONCLUSION

Effects of Typhoon on Community
Composition and Structure and Physical
Environment in the Forests
In this study, we found that effects of typhoon Mangkhut on the
Dinghushan monsoon evergreen broad-leaved forest community
were multi-faceted. Firstly, small trees with a DBH of less
than 5 cm and a height of less than 2 m experienced the
greatest damage due to the typhoon (Figures 2A,B). A large
number of fallen trees, broken branches and fallen leaves were
produced in the forest after the typhoon, which led to the
decrease of canopy density, thus enhancing light transmittance
and produced a large number of gaps (Table 5), a result that
agrees with the findings of Lin et al. (2011) and Tang and
Zhou (2005). In agreement with Xu et al. (2008), Dinghushan
forest also exhibited a strong gap edge effect, as inferred from
the results, meaning the community structure response to
the typhoon showed the importance of gaps for regeneration
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FIGURE 8 | A comparison between (A) Biomass, (B) Number of species per hectare, and (C) Species abundance per hectare in 2015, 2018, and 2020.

of trees and maintenance of species diversity as shown in
Figures 8A–C.

Comparisons of Community Structure
Between 2015, 2018, and 2020
The response of community composition and structure to a
typhoon, differed from what has been reported in southern China
perhaps due to climate change thus, when big trees fell down, it
was observed that young trees grew up very fast in the two coming
years (Figures 3, 4). The number of individuals per unit area also
increased significantly, but the number of species did not increase
significantly as the data for the year 2020 suggests (Figures 8B,C).

The microclimate environment in the forest also changed to
some extent. In this case, considering community composition
and structure change, as reported by many researchers, the forest
density is getting higher with many seedlings flourishing because
the forest gaps provide growth opportunities for regenerating
individuals (Walker et al., 1991; Peng et al., 2012; Chi et al.,
2015) as illustrated in Figures 3, 4. A study conducted in
Panama by Putz et al. (1983) recorded that trees that have a
smaller DBH and a shorter height sprouted faster after damage
as a way of compensating for their susceptibility to snapping
or mechanical damage and this observation agrees with the
findings at Dinghushan that show that after the typhoon, smaller
trees bounced back faster and contributed significantly to the
ecosystem recovery (Figures 3, 4). Canopy openness as a result
of disturbance has been recorded to have a larger impact on a
forest ecosystem more than debris deposition with a tremendous
change in ferns, woody plant and understory herbivory (Shiels
et al., 2014) and this was also observed in Dinghushan particularly
after the typhoon more so in the year 2020. On the other
hand, after the typhoon, the species composition and spatial
distribution pattern of the population changed, leading to the
change of species diversity (Figure 8C), due to the vertical
structure of the forest changing, the arbor layer was changed
significantly. Other studies have recorded that a tree’s lifespan
is significantly affected by floods or mudslides that happen
during and after a typhoon (Tzeng et al., 2018) and this
factor needs further investigation in Dinghushan forest. In our
results, we highlighted the effect typhoon Mangkhut had on

tree height, however, Lin C. et al. (2017) warns that caution
should be observed when interpreting maximum tree height
as a consequence of environmental harshness (Figure 6) and
instead suggests this metric be applied mostly in regions that
have frequent disturbances on tree height. Tree species that
were recorded to be resistant to typhoon induced disturbance
suggest that they possess certain adaptations that other trees
lack, however, with climate change and an intensification of
tropical cyclones, these adaptations may not be as effective
in the years to come and therefore such tree species need
further studies to safeguard their sustainability and the carrying
forward of these advantageous traits. Owing to observation
time limit, we didn’t explore how different layers respond to a
typhoon effect, but based on the long-term forest monitoring,
the research on community succession direction and long-term
adaptive response of different plant species will be explored
further in the future.

The results suggest that at least 9.37% biomass returned to
the forest floor after Typhoon Mangkhut (Figure 8A), which
greatly influenced the carbon cycle of the forest ecosystem.
Old-growth forests have traditionally been considered negligible
as carbon sinks because carbon uptake has been thought to
be balanced by respiration. The monsoon evergreen broad-
leaved forest community in Dinghushan Nature Reserve is
an old-growth forest in lower subtropical China. Previous
studies in Dinghushan have shown that old-growth forests
can accumulate carbon in soils (Zhou, 2006). While under
the influence of the typhoon, a lot of biomass returned to
soil, this rapid return leads to the acceleration of carbon
cycle and the redistribution of carbon storage in different
spaces of forest environment. The recovery degree of its
carbon sequestration capacity and the recovery time needed
are still unclear in the case of Dinghushan forest, and
further long-term fixed monitoring is needed. The impact of
typhoon Mangkhut on the forest community of Dinghushan
is clear, testable, and overall detrimental thus, supporting the
hypothesis of the study. Having got a clear understanding
of the impact of a typhoon on an evergreen broad-leaved
forest from this study, if we only account of forest carbon
sequestration, Cryptocarya concinna Hance, Lasianthus chinensis
(Champ.) Benth., Meliosma rigida Siebold et Zucc., Pygeum
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topengii Merr., Schima superba Gardner et Champ., Sterculia
lanceolata Cav., and Syzygium levinei (Merr.) Merr. et L. M.
Perry might be the right afforestation species in the face of
typhoon pressure.
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