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Abstract

To investigate the effects of a new approach in protected areas that, instead
of implementing clear-cutting measures causing intensive habitat disturbance
in exotic mangrove Laguncularia racemosa plantations, gradually phases out L.
racemosa and replaces it with native mangrove forests through thinning and
pruning treatments, this study took L. racemosa forests in Dongzhaigang Na-
tional Nature Reserve, Hainan as the research area, and based on the reserve’s
thinning and pruning operations on L. racemosa forests, investigated the eco-
logical effects of thinning and pruning regulation measures on restoring native
mangrove communities. The results showed that: (1) The asexual reproduction
through stump sprouting of L. racemosa after thinning and pruning weakened
the treatment effects, but there was no significant difference in the sprouting ef-
fects between the two treatments of single intervention (50% intensity thinning
and pruning) and double intervention (an additional pruning after 50% inten-
sity thinning and pruning). (2) Thinning and pruning could enrich the species
diversity of native mangroves in the understory shrub layer and promote their
growth, with the double intervention showing more pronounced promotion ef-
fects than the single intervention, but had no significant effect on the natural
regeneration of mangrove seedlings in the herbaceous layer. (3) When native
mangrove seedlings were artificially planted in three types of sample plots (non-
thinned, thinned and pruned, and forest edge), thinning and pruning had cer-
tain promotion effects on the survival rates of Rhizophora stylosa and Kandelia
obovata seedlings; and the thinning and pruning treatment had effects on R.
stylosa growth that approached forest edge conditions, but the effects were lim-
ited. It is recommended that, based on 50% intensity thinning and pruning, the
thinning intensity or pruning frequency should be increased, native mangrove
species should be appropriately planted in the understory, and sprouts from
L. racemosa stumps should be simultaneously removed, which would be more
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conducive to the transformation of L. racemosa forests into native mangrove
forests.

Full Text

Preamble
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Abstract: To explore a new pathway for gradually replacing exotic mangrove
Laguncularia racemosa plantations with native mangrove forests through thin-
ning and pruning—without implementing drastic clear-cutting measures that
severely disturb habitats—this study investigated the ecological effects of such
interventions on the restoration of native mangrove communities in Hainan
Dongzhai Harbor National Nature Reserve. The results showed that: (1) Asex-
ual reproduction through stump sprouting weakened the effectiveness of thin-
ning and pruning, though no significant difference was observed between one-
time intervention (50% intensity thinning and pruning) and two-time interven-
tion (additional pruning after the initial 50% thinning). (2) Both interventions
enriched native mangrove species in the understory shrub layer and promoted
their growth, with the two-time intervention showing more pronounced effects
than the one-time intervention, but neither significantly affected natural regener-
ation of mangrove seedlings in the herbaceous layer. (3) When native mangrove
seedlings were planted in three plot types (non-thinned, thinned/pruned, and
forest margin), thinning and pruning improved the survival rates of Rhizophora
stylosa and Kandelia obovata to some extent; the growth of R. stylosa under thin-
ning approached that in forest margin conditions, though the effect was limited.
We recommend increasing thinning intensity or pruning frequency beyond the
50% level, conducting appropriate artificial planting of native mangrove species
in the understory, and simultaneously removing sprouting branches from L.
racemosa stumps to facilitate conversion of L. racemosa plantations to native
mangrove forests.

Keywords: exotic mangrove, Laguncularia racemosa, thinning and pruning,
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Exotic plants typically exhibit rapid growth and strong adaptability, often form-
ing monospecific stands in introduced areas that reduce biodiversity and con-
strain the growth of native understory and surrounding vegetation (Xiang et
al., 2002). For instance, exotic species such as Rhus typhina (Wu et al., 2007),
Robinia pseudoacacia (Luo, 2016), and Eucalyptus robusta (Wang et al., 1998)
demonstrate strong invasiveness, outcompeting native tree species where they
form extensive stands. In mangrove ecosystems, the introduction of Sonneratia
apetala has hindered the development of Aegiceras corniculatum and Avicennia
marina populations (Li et al., 2004). Another introduced species, Laguncularia
racemosa (family Combretaceae, genus Laguncularia), a true mangrove species
introduced from Mexico to Hainan Dongzhai Harbor National Nature Reserve in
1999 for mangrove wetland restoration (Zhong et al., 2011), has grown rapidly
with a simple understory structure. Its strong reproductive capacity has enabled
it to spread into native mangrove communities (Wang et al., 2020), posing po-
tential invasion risks to native mangrove ecosystems (Liu et al., 2019).

To improve species diversity in exotic plant plantations, artificial intervention is
necessary. Thinning is a crucial measure for regulating plantation structure and
improving understory vegetation composition in exotic species stands. Studies
have shown that thinning can increase shrub and herb layer diversity in R.
pseudoacacia forests at moderate to low density levels (Fu et al., 2021). In ma-
ture, low-density Japanese larch (Lariz kaempferi) forests that have undergone
harvesting, understory shrub and herb coverage increased (Liu et al., 2020),
with intensive thinning showing the best results (Tang et al., 2018). Huang
et al. (2021) demonstrated that intensive thinning of eucalyptus plantations in-
terplanted with native species was more effective in promoting stand growth,
improving stand structure, and enhancing soil quality. Artificial thinning of
introduced S. apetala in Shenzhen Futian Mangrove Reserve accelerated natu-
ral recovery of native mangrove species (Hu et al., 2016). In recent years, to
control the invasion of L. racemosa, areas such as Sanya Tielu Harbor, Hainan
Xinying Mangrove National Wetland Park, and Beihai Coastal National Wet-
land Park have been clearing L. racemosa and replanting with native mangrove
species. Converting L. racemosa forests to native mangrove communities within
protected areas represents both a practical challenge and a theoretical question
in wetland restoration ecology regarding species substitution. To control L.
racemosa, Hainan Dongzhai Harbor National Nature Reserve implemented two
treatments: one-time intervention (50% intensity thinning and pruning) and
two-time intervention (additional pruning after the initial 50% thinning).

This study examined the ecological effects of thinning and pruning on restor-
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ing native mangrove communities in introduced L. racemosa forests in Hainan
Dongzhai Harbor National Nature Reserve. Using quadrat surveys, we com-
pared native mangrove recovery in thinned/pruned versus non-thinned L. race-
mosa stands and evaluated stump sprouting to identify new pathways for or-
derly L. racemosa replacement without drastic clear-cutting. Specifically, we
investigated: (1) whether the two interventions effectively controlled L. race-
mosa; (2) their effects on natural regeneration of native mangrove species and
differences between interventions; and (3) the impact of thinning/pruning on
artificial restoration of native mangroves, using non-thinned and forest margin
plots as controls. These findings provide reference for effective management of
exotic mangrove L. racemosa.

1.1 Study Area Overview

The study site is located in an exotic mangrove plantation area along the coast
from Xinghui Village to Dongpai Village in Yanfeng Town, Dongzhai Harbor,
Haikou City (110°35°05.22” E, 19°57’57.51” N), characterized by irregular semid-
iurnal tides (Liao et al., 2005). Originally bare intertidal flats, the area was
afforested during 2011-2012, primarily with L. racemosa and a small number
of S. apetala at a planting density of 2 m x 1 m (row spacing 2 m perpen-
dicular to the coastline, plant spacing 1 m). By 2018, the stands had closed
canopy. To convert exotic L. racemosa forests to native mangrove communities
without drastic habitat disturbance from clear-cutting, the Hainan Dongzhai
Harbor National Nature Reserve Management Bureau implemented two artifi-
cial interventions. The first intervention (thinning and pruning) occurred in
February-March 2018, involving row-thinning perpendicular to the coastline at
50% intensity, resulting in a new spacing of 4 m x 1 m. Pruning retained a 1
m X 1.5 m crown on the main trunk while removing all side branches, except
for a few large ones. The second intervention (pruning only) in November 2018
removed newly grown side branches from retained L. racemosa, leaving only the
main trunk. Pre-intervention surveys in December 2017 showed average L. race-
mosa height of 5 m, DBH of 4.3 cm, crown width of 1.89 m, and canopy density
of 0.92. Native mangrove species were mainly distributed on the landward side
with low overall uniformity. The shrub layer was dominated by Ceriops tagal,
L. racemosa, Avicennia marina, and Kandelia obovata (average height 0.98 m,
basal diameter 1.8 cm). The herbaceous layer was mostly L. racemosa, with
native species Rhizophora stylosa, C. tagal, and Bruguiera sexangula occurring
sporadically.

1.2.1 Natural Recovery of Native Mangrove Species and
Stump Sprouting After Thinning and Pruning

Three plot types were established: one-time intervention plots (thinned/pruned
once), two-time intervention plots (additional pruning), and non-thinned plots
(no intervention). In January 2022 (four years post-thinning), we surveyed L.
racemosa forests in these plots. In the two intervention plots, we randomly
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selected six thinned rows to count stumps with sprouts (sprouting rate), sprouts
per stump, and measured sprout height and basal diameter. In all three plot
types, we established three 5 m x 5 m shrub quadrats to survey native mangrove
species, individual counts, height, basal diameter, and crown width. Within
each shrub quadrat, we set one 1 m x 1 m herb quadrat to survey native
mangrove species, individual counts, and average height. Classification criteria:
shrubs 50 cm < height < 3 m; herbs height < 30 cm (National Forest Resources
Standardization Technical Committee, 2020; Wang et al., 2022).

1.2.2 Artificial Restoration of Native Mangrove Species Af-
ter Thinning and Pruning

Three plot types were established: non-thinned plots, one-time intervention
plots (referred to as thinned plots), and forest margin bare beach plots (forest
margin plots). Two native mangrove species, R. stylosa and K. obovata, were
planted as 1.5-year-old seedlings in these plots. For each species, three 5 m X
5 m replicate quadrats were established per plot type, totaling six quadrats.
Sixteen seedlings (from Dongzhai Harbor nursery) were planted in each quadrat
at approximately 1 m spacing in the inter-rows of L. racemosa. Growth in-
dicators and environmental factors were monitored every three months from
October 2018 to October 2019, with a final survey in June 2021 (three years
post-thinning). Environmental factors measured included understory/canopy
light ratio (Shen Dawei Sw-582 digital lux meter), soil pH (Zhengda ZD-18
intelligent digital pH meter), soil temperature, and soil salinity (Shunke Da
TR-6D soil multi-function tester).

1.3 Data Processing

Stump sprouting rate = (number of sprouting stumps per thinned row / 19) x
100% (average 19 stumps per thinned row). Sprout number = (total sprouts
per thinned row / number of sprouting stumps per thinned row). Survival rate
= (survived individuals / 16) x 100%. All data were processed and analyzed
using Excel and SPSS 25.0.

2 Results and Analysis

2.1 Effects of L. racemosa Stump Sprouting on Thinning
and Pruning Effectiveness

Four years post-thinning, stump sprouting occurred in both one-time and two-
time intervention plots, with sprouting rates of 12.93% and 5.26%, and average
sprout numbers of 2.81 and 1.69 per stump, respectively. Both interventions
failed to completely eradicate L. racemosa. Maximum sprout heights exceeded
300 cm and basal diameters reached over 4 cm in both intervention plots, indi-
cating that L. racemosa can weaken thinning effects through asexual stump
reproduction [Figure 1: see original paper]. No significant differences were
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found between the two interventions in sprouting rate, sprout number, maxi-
mum height, or basal diameter (P > 0.05).

2.2 Natural Regeneration of Native Mangrove Species After
Thinning and Pruning

Before thinning, native mangrove species were sporadically distributed in the
understory. Four years post-thinning, native mangroves were only found in in-
tervention plots (Table 1 ). In the shrub layer, the one-time intervention plot
had the most native species (A. marina, C. tagal, and K. obovata), while the
two-time intervention plot only had A. marina, and the non-thinned plot had
none. In the herb layer, K. obovata was only observed in the two-time inter-
vention plot. No significant differences in native mangrove individual counts
were found among the three plots for either shrub or herb layers. This indicates
that non-thinned plots were unsuitable for native mangrove growth, while ar-
tificial intervention promoted natural regeneration, though the effect was not
statistically significant four years post-thinning.

Growth metrics (height, basal diameter, and crown width) of native mangroves
in the shrub layer were higher in the two-time intervention plot than in the one-
time intervention plot [Figure 2: see original paper], with crown width being
significantly greater (P < 0.05). Thus, increased thinning intensity promoted
native mangrove growth. No native mangroves survived in non-thinned plots,
so they were excluded from growth comparisons.

2.3.1 Dynamic Changes in Survival Rates of R. stylosa and
K. obovata in Different Plot Types

Survival rates of both mangrove species declined over time in all plot types
[Figure 3: see original paper]. By the end of the observation period, survival
rates were zero in non-thinned plots for both species.

For R. stylosa seedlings, no significant differences in survival rates were found
among non-thinned, thinned, and forest margin plots at any observation pe-
riod. By June 2021, no R. stylosa survived in non-thinned plots, while survival
rates were 20.83% in forest margin plots and 16.67% in thinned plots. This sug-
gests that 50% intensity thinning and pruning created understory conditions
approaching those at the forest margin for R. stylosa.

For K. obovata seedlings, survival rates were consistently lowest in non-thinned
plots and highest in forest margin plots (except October 2019), with signifi-
cantly higher rates in forest margin plots than in non-thinned plots in July 2019
(P < 0.05). Three years post-thinning (June 2021), survival rates were 18.75%
in forest margin plots, 6.25% in thinned plots, and zero in non-thinned plots,
though differences were not significant. This indicates that 50% intensity thin-
ning promoted K. obovata seedling survival, but the effect was not significant
and diminished over time.
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2.3.2 Growth Increment Changes of R. stylosa and K. obo-
vata in Different Plot Types

Height, basal diameter, and crown width increments of R. stylosa are shown
in [Figure 4: see original paper]A, B, C. During the first year (October 2018-
October 2019), height increment differed significantly among plots: forest mar-
gin plots exceeded thinned and non-thinned plots during April-July and July—
October 2019, while thinned plots exceeded non-thinned plots during July—
October 2019. However, during October 2019-June 2021, height increments
did not differ significantly between forest margin and thinned plots, as all R.
stylosa in non-thinned plots died.

Basal diameter increment was significantly higher in forest margin plots than
in thinned and non-thinned plots during July—October 2019, but by the final
period (October 2019-June 2021), thinned plots showed similar increments to
forest margin plots. Crown width increments were negative in non-thinned and
thinned plots during October 2018-January 2019 due to leaf shedding to reduce
transpiration and maintain water balance. During April-July 2019, crown width
increment was significantly greater in thinned plots than in non-thinned plots,
and during July—October 2019, forest margin plots exceeded both other plot
types. By the final period, thinned plots showed crown width increments similar
to forest margin plots. These results indicate that R. stylosa grew fastest in
forest margin plots, followed by thinned plots, and slowest in non-thinned plots
(where all individuals eventually died). By three years post-thinning, growth
conditions for R. stylosa in thinned plots approached those at the forest margin.

For K. obovata [Figure 4: see original paper]|D, E, F, no significant differences
in height, basal diameter, or crown width increments were found among plot
types during any period (P > 0.05). By the final period, no K. obovata survived
in non-thinned plots. Height and basal diameter increments in thinned plots
were lower than in forest margin plots, while crown width increment was higher,
but differences were not significant. This suggests that 50% intensity thinning
had little effect on early K. obovata growth, but by three years post-thinning,
growth in thinned plots was similar to that in forest margin plots.

Overall, 50% intensity thinning and pruning had some positive effects on R. sty-
losa seedling survival and growth, creating conditions approaching forest margin
levels by three years post-thinning, while effects on K. obovata growth were only
weakly positive at three years post-thinning.

2.3.3 Correlations Between Survival, Growth Increment,
and Environmental Factors

Three years post-thinning, bivariate Pearson correlation analysis revealed no
statistically significant correlations between R. stylosa survival rates or growth
increments and environmental factors (Table 2 ). For K. obovata, survival rate
was significantly positively correlated with understory/canopy light ratio and
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soil temperature, and significantly negatively correlated with soil pH, indicating
that higher light ratios and temperatures increased survival, while high soil
pH inhibited it. Height and basal diameter increments of K. obovata were
significantly positively correlated with light ratio and soil temperature, and
height increment was also significantly positively correlated with soil salinity.

3.1 Artificial Intervention to Regulate Exotic-Native Man-
grove Relationships

Artificial intervention is a key component of biodiversity research (Ren et al.,
2000). Thinning significantly increases understory vegetation diversity and cov-
erage (Dong et al., 2019; Li et al., 2020; Wang et al., 2022). In this study, the
50% intensity thinning and pruning of exotic L. racemosa forests by the Hainan
Dongzhai Harbor National Nature Reserve Management Bureau significantly
reduced stand density, improved understory light conditions, and promoted na-
tive mangrove growth in the shrub layer, with two-time intervention being more
effective than one-time intervention—consistent with Tang et al. (2018). This
is because higher thinning intensity reduces resource competition, leading to
more pronounced changes in woody plant composition (Deng et al., 2010). Un-
like He (2017), who found that thinning significantly increased native mangrove
numbers, our two interventions did not significantly affect natural regeneration
in the herbaceous layer. This may be because four years post-thinning, rapid
L. racemosa growth led to canopy closure, reducing understory light and failing
to meet environmental requirements of herbaceous species, which are generally
more sensitive to environmental changes (Gilliam, 2007; Xu et al., 2008).

Studying seedling survival and growth is crucial for predicting population dy-
namics, as growth metrics are key indicators of successful establishment (Wu et
al., 2019). Our results on artificially planted native mangrove seedlings in differ-
ent plot types showed that thinning and pruning improved R. stylosa survival
rates, approaching forest margin levels by the end of the observation period, and
significantly promoted height growth, creating conditions similar to forest mar-
gin plots by three years post-thinning. Thus, 50% intensity thinning had limited
but positive effects on R. stylosa survival and growth. Effects on K. obovata
were weaker because it is a light-demanding species whose survival and growth
are significantly positively correlated with light intensity, requiring high light
and temperature for optimal growth (Zheng, 2022). The 50% intensity thinning
likely failed to create sufficiently favorable conditions, and as time since thinning
increased, the survival rate decline in thinned plots exceeded that in forest mar-
gin plots, indicating that pruned branches regrew, reducing understory light.
Therefore, we recommend increasing thinning intensity or pruning frequency.

3.2 Effectiveness of Thinning and Pruning

As previously discussed, thinning and pruning reduce L. racemosa density, im-
proving ventilation and light penetration to provide more space and resources for
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understory plants (Wang and Yang, 2022). However, these spatial and tempo-
ral advantages diminish over time. Sprouting is a natural regeneration strategy
and an important life history trait in woody plants (Bellingham & Sparrow,
2000). This study aimed to promote conversion of L. racemosa forests to native
mangrove communities, so assessing stump sprouting provides a measure of in-
tervention effectiveness. Four years post-thinning, both one-time and two-time
interventions showed similar sprouting effects, failing to completely eradicate L.
racemosa. Sprouts reached over 300 cm in height, occupying elevated positions
less susceptible to shading (Bellingham et al., 1994) and accessing sufficient
water and nutrients through the stump for robust growth (Chen et al., 2008).
This demonstrates that L. racemosa can weaken thinning effects through stump
sprouting, potentially impacting native mangrove growth. Therefore, control-
ling stump sprouting is essential to maximize the positive effects of thinning
and pruning.

In summary, 50% intensity thinning and pruning of L. racemosa had limited
positive effects on native mangrove restoration. To improve conversion effective-
ness and prevent population recovery through stump sprouting, we recommend
increasing thinning intensity or conducting annual pruning, supplemented by
appropriate artificial planting of native mangrove species in the understory and
removal of sprouting L. racemosa branches.

References

Chen M, Fang H, Cao M, 2008. Sprouting characteristics of sprouted woody
plants in the mid-mountain humid evergreen broad-leaved forest on Ailao Moun-
tain, Yunnan Province[J]. Guihaia, 28(5): 627-632.

Deng SQ, Yan JF, Wang Y, et al., 2010. Short-term effects of thinning intensity
on species diversity of undergrowth layer in different stands[J]. J NE For Univ,
38(3): 31-33.

Dong KL, Zhang GX, Wang RH, et al., 2019. Effects of thinning on the growth
of Pinuse elliottii plantation and the diversity of its undergrowth vegetation[J].
For Resour Manag, (4): 59-68.

Fu CX, Yang JD, Zhang Q, et al., 2021. Effect of inter-lumbering and introduc-
tion under forest on community of Acacia pseudoacacialJ]. SE Chin J Agric Sci,
34(7):1534-1539.

Gilliam FS, 2007. The ecological significance of the herbaceous layer in temper-
ate forest ecosystems|J]. Bioscience, 57(10): 845-858.

He SY, 2017. The effect of artificial thinning of introduced mangrove on the
growth and recovery of native mangrove[D]. Shenzhen: Shenzhen University.

Hu T, Chou QC, He SY, et al., 2016. Structural regulation and natural restora-
tion of Futian Mangrove in Shenzhen Bay[J]. Chin J Ecol, 35(6): 1491-1496.

chinarxiv.org/items/chinaxiv-202310.03406 Machine Translation


https://chinarxiv.org/items/chinaxiv-202310.03406

ChinaRxiv [$X]

Huang MY, Liang YF, Su FC, et al., 2021. Effects of interplanting native tree
species on stand growth and soil physical and chemical properties under different
thinning intensities of Fucalyptus[J]. J S Cent Univ Forest & Technol,41(6):81-
90.

Li M, Liao BW, Zheng SF, et al., 2004. Disturbance of directly introduction of
Sonneratia apetala on the secondary Aegiceras corniculatum community[J]. For
Environ Sci, 20(3):19-21.

Li XK, Li YA, Zhang J, et al., 2020. The effects of forest thinning on understory
diversity in China: A meta-analysis[J]. Land Degrad Dev, 31(10): 1225-1240.

Liao BW, Li M, Zheng SF, et al., 2005. Niches of several mangrove species in
Dongzhai Harbor of Hainan Island[J]. Chin J Appl Ecol, 16(3): 403-407.

Liu MC, Ye P, Tan YC, et al., 2020. Preliminary report on impact of Lariz
kaempferi invasion in Wolong National Nature Reserve[J]. For Inventory Plann,
45(5):51-54.

Liu Q, Zhang Y, Zhong CR, et al., 2019. Study on invasiveness of exotic man-
grove species Laguncularia racemosa C. F. Gaertn[J]. Hubei Agric Sci, 58(21):
60-64.

Luo YJ, 2016. Effects of light and nitrogen deposition on the growth and in-
teractions of the exotic plants Robinia pseudoacacia, Rhus typhina and three
native plant species[D]. Jinan: Shandong University.

National Forest Resources Standardization Technical Committee, 2020. Tech-
nical regulations for continuous forest inventory: GB/T 38590-2020[S]. Beijing:
National Forestry and Grassland Administration Survey Planning and Design
Institute.

Ren LZ, Luo JC, Li XB, 2000. The effects of intermediate cutting on plant
species diversity in Populus davidiana secondary forest[J]. J Beijing Forest Univ,
(4): 14-17.

Tang JM, Sun YK, Feng J, et al., 2018. Enfluence of thinning on the growth
and the diversity of undergrowth of Lariz kaempferi plantation forest[J]. J S
Cent Univ Fore Technol, 38(6):90-93.

Wang BY, Yang S, Liu Q, et al., 2020. Artificial planting and natural spread
of exotic mangrove species Sonneratia apetala and Laguncularia racemosa in
Dongzhai Harbor, Hainan[J]. Chin J Ecol, 39(6): 1778-1786.

Wang JJ, He T, Zhang Y, et al., 2022. Effects of thinning intensity on understory
plant of natural forest in Altai Mountains, Xinjiang, China[J]. Acta Ecol Sin,
42(23): 9761-9768.

Wang XB, 2006. Resprouting and seeondary sueeession in evergreen broad-
leaved forests, Tiantong[D]. Shanghai: East China Normal University.

chinarxiv.org/items/chinaxiv-202310.03406 Machine Translation


https://chinarxiv.org/items/chinaxiv-202310.03406

ChinaRxiv [$X]

Wang ZH, Duan CQ, Qi CL, et al., 1998. A preliminary investigation of eco-
logical issues arising in the man-made forest of Eucalyptus in China[J]. Chin J
Ecol, 17(6):65-69.

Wu CH, Zhai MP, Wang C, 2007. Preliminary study on control and prevention
from Rhus typhina[J]. For Invent Plan,32(6):25-28.

Wu XQ, Yang SH, Huang L, et al., 2019. Effects of forest canopy condition on
the establishment of Castanopsis fargesii seedlings in a subtropical evergreen
broad-leaved forest[J]. Chin J Plant Eco, 43(1): 55-64.

Xiang YC, Peng SL, Zhou HC, et al., 2002. The impacts of non-native species
on biodiversity and its control[J]. Guihaia, 22(5):425-432.

XuY, LiuY, Li GL, et al., 2008. Effects of the thinning intensity on the diversity
of undergrowth vegetation in Pinus tabulaeformis plantations[J]. J Nanjing For
Univ(Nat Sci Edi), 32(3): 135-138.

Zheng X, 2022. Study on photosynthetic physiological characteristics of three
mangrove plants in Dongzhai Gang[D]. Haikou: Hainan Normal University.

Zhong CR, Li SC, Yang YC, et al., 2011. Analysis of the introduction effect of
a mangrove species Laguncularia racemosa[J]. J Fujian For Sci Technol, 38 (3):
96-99.

Bellingham PJ, Tanner EVJ, Healey JR, 1994. Sprouting of trees in jamaican
montane forests, after a hurricane[J]. J Ecol, 82(4): 747-758.

Bellingham PJ, Sparrow AD, 2000. Resprouting as a life history strategy in
woody plant communities[J]. Oikos, 89(2): 409-416.

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

Source: ChinaXiv — Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202310.03406 Machine Translation


https://chinarxiv.org/items/chinaxiv-202310.03406

	Effects of Thinning and Pruning on Native Mangrove Plants Under Laguncularia Forest Postprint
	Abstract
	Full Text
	Preamble
	1.1 Study Area Overview
	1.2.1 Natural Recovery of Native Mangrove Species and Stump Sprouting After Thinning and Pruning
	1.2.2 Artificial Restoration of Native Mangrove Species After Thinning and Pruning
	1.3 Data Processing
	2 Results and Analysis
	2.1 Effects of L. racemosa Stump Sprouting on Thinning and Pruning Effectiveness
	2.2 Natural Regeneration of Native Mangrove Species After Thinning and Pruning
	2.3.1 Dynamic Changes in Survival Rates of R. stylosa and K. obovata in Different Plot Types
	2.3.2 Growth Increment Changes of R. stylosa and K. obovata in Different Plot Types
	2.3.3 Correlations Between Survival, Growth Increment, and Environmental Factors
	3.1 Artificial Intervention to Regulate Exotic-Native Mangrove Relationships
	3.2 Effectiveness of Thinning and Pruning
	References


