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Abstract

Biodiversity assessment provides an important reference for regional sustain-
able development. To evaluate the temporal variation of tree diversity in forest
vegetation in Xishuangbanna, Yunnan Province, tree diversity data for four ma-
jor forest vegetation types (tropical rainforest, tropical seasonally moist forest,
tropical montane evergreen broad-leaved forest, and warm-temperate conifer-
ous forest) were collected through quadrat surveys; the distribution of these
four forest vegetation types in the region during four periods (1992, 2000, 2009,
and 2016) was extracted from remote sensing imagery; the Simpson, Shannon-
Wiener, and Scaling species diversity indices were used to compare differences in
tree evenness among the four forest vegetation types; and the Scaling ecological
diversity index and grey relational evaluation model were employed to assess the
temporal variation of forest tree diversity in the region across the four periods.
The results indicate that: (1) The proportion of forest area exhibited a trend of
initial decrease followed by increase, decreasing from 65.5% in 1992 to 53.42%
in 2000, further decreasing to 52.49% in 2009, and then increasing to 54.73%
in 2016, although tropical rainforest showed a continuous decreasing trend; (2)
The four forest vegetation types exhibited significant differences in their contri-
butions to tree diversity, with evenness ranking as tropical rainforest > tropi-
cal montane (low mountain) evergreen broad-leaved forest > warm-temperate
coniferous forest > tropical seasonally moist forest, richness ranking as tropical
rainforest > tropical montane (low mountain) evergreen broad-leaved forest >
tropical seasonally moist forest > warm-temperate coniferous forest, and contri-
bution to tree diversity ranking as tropical rainforest > tropical montane (low
mountain) evergreen broad-leaved forest > tropical seasonally moist forest >
warm-temperate coniferous forest; (3) Tree diversity in tropical rainforest and
tropical seasonally moist forest showed a continuous decreasing trend, and the
ranking of forest vegetation tree diversity in Xishuangbanna across the four pe-
riods was 1992 > 2009 > 2016 > 2000. The study demonstrates that economic
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activities constitute an important factor influencing biodiversity in Xishuang-
banna, and that protecting tropical rainforests is of significant importance for
maintaining biodiversity in the region.
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Abstract

Biodiversity assessment provides critical reference for regional sustainable de-
velopment. To evaluate temporal changes in tree diversity of forest vegetation
in Xishuangbanna, Yunnan Province, we collected tree diversity data from four
major forest vegetation types (tropical rainforest, tropical seasonal moist for-
est, tropical lower montane evergreen broad-leaved forest, and warm-temperate
coniferous forest) through quadrat surveys. We extracted the spatial distribu-
tion of these four forest vegetation types for four periods (1992, 2000, 2009,
and 2016) using remote sensing imagery. Simpson, Shannon-Wiener, and Scal-
ing species diversity indices were employed to compare tree evenness differences
among the four forest vegetation types. The Scaling ecological diversity in-
dex and grey correlational evaluation model were then used to assess temporal
changes in forest tree diversity across the region.

The results show that: (1) The proportion of forest area initially decreased then
increased, declining from 65.5% in 1992 to 53.42% in 2000 and 52.49% in 2009,
before rising to 54.73% in 2016. However, tropical rainforest exhibited a contin-
uous decreasing trend throughout the study period. (2) The four forest vegeta-
tion types contributed differently to tree diversity. Evenness ranked as: tropi-
cal rainforest > tropical lower montane evergreen broad-leaved forest > warm-
temperate coniferous forest > tropical seasonal moist forest. Richness ranked
as: tropical rainforest > tropical lower montane evergreen broad-leaved forest
> tropical seasonal moist forest > warm-temperate coniferous forest. Overall
contribution to tree diversity followed the order: tropical rainforest > tropical
lower montane evergreen broad-leaved forest > tropical seasonal moist forest >
warm-temperate coniferous forest. (3) Tree diversity in tropical rainforest and
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tropical seasonal moist forest showed continuous declining trends. The rank-
ing of overall forest vegetation tree diversity in Xishuangbanna across the four
periods was: 1992 > 2009 > 2016 > 2000.

The study indicates that economic activities constitute a significant factor af-
fecting biodiversity in Xishuangbanna, and that conserving tropical rainforest
is crucial for maintaining regional biodiversity.

Keywords: Xishuangbanna, tree diversity, forest vegetation, remote sensing,
Scaling diversity index, grey correlational evaluation model

1. Study Area Overview

Xishuangbanna (99°58 -102°00 E, 21°09 -22°30 N) is located in southern Yun-
nan Province, bordering Pu’ er City to the north and Myanmar and Laos to the
south [Figure 1: see original paper]. The terrain is characterized by higher ele-
vations in the east and west, with the lower Lancang River valley in the central
region. The western and eastern areas represent extensions of the Nushan and
Wauliang mountain ranges. Strongly influenced by the Indian Ocean monsoon,
the region has a tropical monsoon climate with mean annual temperatures of
18-21.7°C and distinct wet and dry seasons. Precipitation ranges from 1,193 to
2,491 mm. Xishuangbanna contains 32 typical community types belonging to
seven major vegetation categories. Climate and vegetation strongly influence
soil distribution: latosols occur in low-elevation tropical rainforests and mon-
soon forests, lateritic red soils in monsoon evergreen broad-leaved forests, and
limestone soils in karst areas.

Note: TRF = Tropical rainforest; TSMF = Tropical seasonal moist forest;
TEBF = Tropical lower montane evergreen broad-leaved forest; COF = Tropical
coniferous forest. The same below.

2.1 Plot Setup and Survey Methods

To compare tree diversity among different vegetation types and calculate the
Scaling ecological diversity index, we established survey plots in well-preserved
forests with minimal human disturbance across Xishuangbanna, following re-
gional forest vegetation classification principles. We set up eight plots covering
four forest vegetation types: four tropical rainforest plots, one tropical seasonal
moist forest plot, two tropical lower montane evergreen broad-leaved forest plots,
and one warm-temperate coniferous forest plot [Figure 1: see original paper].
Each plot measured 2,500 m2. We identified and recorded all tree individuals
with diameter at breast height (DBH) $ $3 ¢cm and height $ $3 m, measuring
DBH, height, and crown cover for each individual.

2.2 Vegetation Distribution and Area Extraction

To obtain vegetation area data for four time periods for Scaling ecological di-
versity index calculations, we used Landsat TM and OLI imagery (30 m spatial
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resolution) and GDEMV?2 topographic data for Xishuangbanna. In ENVI 5.3,
we performed FLAASH atmospheric correction on each image, selected short-
wave infrared, near-infrared, red, and green bands, and applied Teillet’ s mod-
ule for topographic correction to reduce atmospheric and topographic shadow
effects. We then visually interpreted the images to extract broad-leaved for-
est, warm-temperate coniferous forest, and other vegetation types (including
bamboo, shrubland, grassland, cultivated land, and aquatic vegetation). Us-
ing ArcGIS 10.3, we overlaid the classified broad-leaved forest with elevation
data to extract broad-leaved forest below 1,000 m as tropical rainforest distri-
bution areas. We also extracted limestone distribution areas and overlaid them
with broad-leaved forest to identify tropical seasonal moist forest distribution.
Kappa accuracies for 2016, 2009, 2000, and 1992 were 0.95, 0.92, 0.88, and 0.85,
respectively.

2.3 Diversity Measurement Methods

We used Simpson (HS), Shannon-Wiener (H), and Scaling species diversity index
(D) to measure tree diversity in tropical rainforest, tropical seasonal moist for-
est, tropical lower montane evergreen broad-leaved forest, and warm-temperate
coniferous forest. The Scaling ecological diversity index (D) was used to com-
pare temporal changes in tree diversity among different forest vegetation types.
The formulas are as follows:

HS =Y p?
=1
H=-> pnp,
=1

D' => p?In(p?)
=1

D= Zm:pg In(p7) - L
pa Ine

ce=el4 A4

where p, is the proportion of the ¢th tree individual relative to all tree individuals
in the plot; e = 2.71828; and A represents the area of the study object (ha).

2.4 Evaluation of Forest Tree Diversity in Xishuangbanna

After calculating the Scaling ecological diversity indices for different vegetation
types across four periods, we introduced the grey correlational evaluation model
to compare biodiversity changes among periods. This model assesses correlation
among indicators by reflecting curve similarity and is widely applied across fields
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due to its ability to infer relationships using few indicators with different dimen-
sions. The procedure follows Zhang and Zhang (1996) and Zou et al. (2017):

First, we established a reference sequence X, = {zy(1),2,(2), -, z¢(n)} and
comparison sequences X, = {z,(1),z,(2),-,z;(n)}. The maximum value of
each vegetation type’ s Scaling ecological diversity index across four periods was
taken as the optimal state, with X, representing the Scaling ecological diversity
index of each vegetation type in year i.

Second, we applied mean normalization for dimensionless processing:

% Zzzl 1‘1(]{)

where k represents different forest vegetation types.

(k) =

Third, we calculated the grey correlational coefficient for each vegetation type:

min,; miny, |24 (k) — 25 (k)| + e max; max,, |z (k) — z;(k)|
(k) — ()] + & max, max [ (k) — [ (F)|

v (k) =

where € = 0.5.

Finally, we calculated the grey correlational evaluation index for forest tree
diversity in Xishuangbanna for each period:

b= > b))

k=1

where w(k) represents the weight derived from the Scaling ecological diversity
index of the four vegetation types, calculated as:

wlk) = —————-—
®) = ®

3.1 Changes in Forest Vegetation Area

Remote sensing interpretation revealed that total forest area in Xishuangbanna
initially decreased then increased during 1992-2016 [Figure 2: see original paper].
Tropical rainforest area declined continuously from 22.77% in 1992 to 15.1% in
2016. Tropical lower montane evergreen broad-leaved forest, the largest vege-
tation type, decreased from 41.6% in 1992 to 33.61% in 2000 and 33.35% in
2008, then increased to 38.4% in 2016. Tropical seasonal moist forest and warm-
temperate coniferous forest occupied relatively small areas, fluctuating below
1.2%. Other vegetation types increased from 34.5% in 1992 to 45.27% in 2016.
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Spatial analysis shows tropical rainforest distributed primarily in low-elevation
central and eastern areas, tropical seasonal moist forest in the central-east, trop-
ical lower montane evergreen broad-leaved forest throughout the region, other
vegetation in relatively flat terrain, and warm-temperate coniferous forest in
the north bordering Pu’ er City. Temporal comparison reveals dramatic vegeta-
tion changes, particularly conversion of low-elevation tropical rainforest to other
vegetation in Jinghong City and Mengla County, conversion of tropical lower
montane evergreen broad-leaved forest to other vegetation in central-western,
northwestern, and northeastern areas, and conversion of low-elevation tropical
seasonal moist forest to other vegetation in central Mengla County.

Note: OTH = Other vegetation.

3.2 Comparison of Tree Diversity in Sample Plots

Tropical rainforest exhibited the highest mean species richness at 55 species
per plot, followed by tropical lower montane evergreen broad-leaved forest (35
species), tropical seasonal moist forest (29 species), and warm-temperate conif-
erous forest (27 species) . In terms of individual tree counts, tropical seasonal
moist forest had the highest density (252 individuals), exceeding tropical rainfor-
est (220 individuals), while warm-temperative coniferous forest had 185 individu-
als and tropical lower montane evergreen broad-leaved forest had the lowest den-
sity (151 individuals). All three evenness indices consistently ranked vegetation
types as: tropical rainforest > tropical lower montane evergreen broad-leaved
forest > warm-temperate coniferous forest > tropical seasonal moist forest.

Table 1 Tree diversity indices of main forest vegetation types in Xishuangbanna

Diversity index TRF TSMF TEBF COF

Plot number 4 1 2 1

Area of each plot (m?) 2,500 2,500 2,500 2,500

Average species number 55$+11.34|29/85+7.07|27|| Averageplantnumber|220+12.4|252|151+2.83|185||

Wienerindex(H)|3.4540.28|2.33|2.90+0.14/2.68||Scalingindex(D")|3.7240.2

Note: Values = mean + SD; TRF = Tropical rainforest; TSMF = Tropical
seasonal moist forest; TEBF = Tropical lower montane evergreen broad-leaved
forest; COF = Tropical coniferous forest. The same below.

3.3 Changes in Tree Diversity Across the Entire Region

Using plot survey data and remotely sensed vegetation distribution, we calcu-
lated temporal changes in Scaling ecological diversity indices for each vegetation
type . Tropical rainforest maintained Scaling ecological diversity indices above
46, making it the most important vegetation for sustaining forest tree diver-
sity in Xishuangbanna. Tropical lower montane evergreen broad-leaved forest
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and tropical seasonal moist forest followed, with indices of 40-41 and 22-24,
respectively. Warm-temperate coniferous forest dominated by Pinus kesiya var.
langbianensis had indices below 23. Consequently, the contribution ranking of
vegetation types to regional tree diversity was: tropical rainforest > tropical
lower montane evergreen broad-leaved forest > tropical seasonal moist forest >
warm-temperate coniferous forest.

Table 2 Tree Scaling diversity index change and weight [w(k)] of main forest
vegetation types from 1992 to 2016

Vegetation 1992 2000 2009 2016 w(k)

TRF 46.82 4231 39.54 3821 0.33
TSMF 24.15 23.08 2231 22.00 0.17
TEBF 41.23 40.15 40.77 40.92 0.29
COF 22.31 23.08 22.62 2277 0.21

Application of the grey correlational evaluation model to interannual changes in
Scaling ecological diversity indices revealed continuous declines in tree diversity
for tropical rainforest and tropical seasonal moist forest, an initial decrease
followed by increase for tropical lower montane evergreen broad-leaved forest,
and fluctuating patterns for warm-temperate coniferous forest [Figure 3: see
original paper]. Grey correlational evaluation indices for Xishuangbanna forest
tree diversity were 1.00, 0.58, 0.63, and 0.62 for 1992, 2000, 2009, and 2016,
respectively, yielding the ranking: 1992 > 2009 > 2016 > 2000.

4.1 Analysis of Causes for Tree Diversity Changes

Economic activities represent the primary driver of biodiversity loss in Xishuang-
banna. Our results demonstrate continuous biodiversity decline from 1992-2016,
with rubber and tea plantations being the main culprits. Since economic reforms,
increased rubber demand has driven large-scale tropical rainforest conversion to
rubber plantations, with cultivation extending to 1,400 m elevation since 1992.
Some low-elevation tropical lower montane evergreen broad-leaved forests have
also been converted to rubber plantations, while higher-elevation areas unsuit-
able for rubber have been transformed into tea plantations. Although the Nat-
ural Forest Protection Program (1998) and Sloping Land Conversion Program
(2002) slowed biodiversity loss in tropical rainforest and tropical lower montane
evergreen broad-leaved forest during 2000-2009, increasing rubber prices after
2009 triggered renewed large-scale tropical rainforest conversion, contradicting
program objectives.
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4.2 Significance of Tropical Rainforest in Maintaining Re-
gional Biodiversity

Tropical rainforest is the most critical vegetation for maintaining forest tree
diversity in Xishuangbanna. It ranked first in contribution to regional tree di-
versity across all four periods, being the second-largest forest type by area after
tropical lower montane evergreen broad-leaved forest. Tropical rainforest exhib-
ited substantially higher tree evenness and richness per unit area than other vege-
tation types, meaning its loss incurs greater biodiversity impacts. Furthermore,
as a key ecosystem service indicator, tropical rainforest provides biodiversity
maintenance value of US$41 ha™{-1} yr~{-1} compared to US4ha {-1}$ yr—!
for other forests, underscoring the severe consequences of its loss for regional
biodiversity maintenance functions.

Loss of rare species drives forest biodiversity decline, particularly in tropical
rainforest and tropical lower montane evergreen broad-leaved forest. In warm-
temperate coniferous forest dominated by Pinus kesiya var. langbianensis and
tropical seasonal moist forest dominated by Cleistanthus sumatranus, other tree
species constitute a relatively small proportion of community composition, so
their reduction does not significantly affect evenness. However, in tropical rain-
forest where dominant species are less pronounced, rare species comprise a high
proportion of community composition, and their loss substantially impacts over-
all biodiversity. Similarly, although tropical lower montane evergreen broad-
leaved forest is dominated by Fagaceae and Lauraceae species, rare species also
represent a significant proportion.

4.3 Applicability Analysis of the Scaling Ecological Diver-
sity Index

The Scaling ecological diversity index combined with remote sensing can be ap-
plied to regional biodiversity assessment. Like Simpson and Shannon-Wiener in-
dices, Scaling measures community evenness, but uniquely incorporates area to
measure species richness across study areas. Ground surveys combined with re-
mote sensing can also extract ecosystem types and monitor vegetation integrity.
The Scaling index aligns with high-weight indicators in traditional regional bio-
diversity studies—species richness, ecosystem type, and vegetation integrity—
demonstrating its applicability.

However, standardization challenges exist. Different plot sizes and sampling
criteria compromise comparability, necessitating uniform sampling standards
across vegetation types. Although studies show the Scaling index is resolution-
independent within 30-150 m scales and species-area relationships facilitate scal-
ing, upscaling from community to regional level is complicated by sampling ef-
fects and habitat heterogeneity, with difficulty increasing with study area size.
The index’ s reliability in large or highly heterogeneous regions requires fur-
ther investigation, as does its application for comparing different vegetation
types across regions. The grey correlational evaluation model also has limita-
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tions, including lack of order-preserving effects in dimensionless processing and
unsatisfied normalization of correlational degrees, necessitating development of
improved mathematical models.

Acknowledgments

We thank Researcher ZHU Hua, Dr. Sreehari Raman, and the Xishuangbanna
Ecological Station of Xishuangbanna Tropical Botanical Garden, Chinese
Academy of Sciences for assistance with plot establishment and vegetation
classification.

References

Cao M, Zhang JH. 1997. Tree species diversity of tropical forest vegetation in
Xishuangbanna, SW China. Biodiversity and Conservation, 6(7): 995-1006.

Chen ZP. 2015. The economic and social benefits generated after the imple-
mentation of Natural Forest Protection Program in Jinghong. Journal of Green
Science and Technology, 1: 138-139.

Costanza R, d° Arge R, de Groot R, et al. 1997. The value of the world’ s
ecosystem services and natural capital. Nature, 387: 253-260.

Fu BJ, Yu DD, Lv N. 2017. An indicator system for biodiversity and ecosystem
services evaluation in China. Acta Ecologica Sinica, 37(2): 341-348.

Hu HD, Li XY, Du YF, et al. 2012. Research advances in biodiversity remote
sensing monitoring. Chinese Journal of Ecology, 31(6): 1591-1596.

Li BG, Huang JB, Liu BH. 2015. Impacts of Sloping Land Conversion Program
on households’ sustainable livelihood. Biotechnology World, 3: 32-34.

Li HM, Ma YX, Liu WJ, et al. 2009. Clearance and fragmentation of tropical
rain forest in Xishuangbanna, SW China. Biodiversity and Conservation, 18(13):
3421-3440.

Li HM, Mitch A, Ma YX, et al. 2007. Demand for rubber is causing the loss of
high diversity rain forest in SW China. Biodiversity and Conservation, 6(16):
1731-1745.

Li WJ, Zhang SH. 2010. Research progress on GIS and remote sensing’ s ap-
plication in ecological security assessment and biodiversity conservation. Acta
Ecologica Sinica, 30(23): 6674-6681.

Li ZJ, Ma YX, Li HM, et al. 2008. Relation of land use and cover change
to topography in Xishuangbanna, southwest China. Chinese Journal of Plant
Ecology, 32(5): 1091-1103.

Liu HM, Xu ZF, Duan QW. 2001. An approach to conserve plant diversity
through the Dai’ s traditional beliefs in Xishuangbanna. Guihaia, 21(2): 173-
176.

chinarxiv.org/items/chinaxiv-201902.00059 Machine Translation


https://chinarxiv.org/items/chinaxiv-201902.00059

ChinaRxiv [$X]

Liu JJ, Slik JW. 2014. Forest fragment spatial distribution matters for tropical
tree conservation. Biological Conservation, 171: 99-106.

Liu XN, Feng ZM, Jiang LG, et al. 2014. Spatial-temporal pattern analysis of
land use and land cover change in Xishuangbanna. Resources Science, 36(2):
233-244.

Myers N, Mittermeier RA, Mittermeier CG, et al. 2000. Biodiversity hotspots
for conservation priorities. Nature, 403: 853-858.

Office of Biodiversity Protection in Ministry of Environmental Protection. 2010.
Progress of the County Biodiversity Evaluation. Environmental Protection, (10):
23-26.

Sun XX, Wang XA. 2006. Study on soil fertility of forest type in Malan forest
region on the Loess Plateau. Guihaia, 26(4): 418-423.

Tang ZY, Qiao XJ, Fang JY. 2009. Species-area relationship in biological com-
munities. Biodiversity Science, 17(6): 549-559.

Wan BT, Xu HG, Ding H, et al. 2007. Methodology of comprehensive biodiver-
sity assessment. Biodiversity Science, 15(1): 97-106.

Wang H, Zhu H, Li BG. 1997. Vegetation on limestone in Xishuangbanna,
southwest China. Guihaia, 17(2): 101-117.

Xiang YP. 2001. Some understanding of the implementation of “Natural Forest
Protection” Program in Xishuangbanna. Yunnan Forest Investigation, Planning
and Design, 26(1): 10-14.

Xu WT, Wu BF. 2005. Progress on measuring forest biodiversity with remote
sensing technique. Acta Ecologica Sinica, 25(5): 1199-1204.

Yue TX. 2000. Discussion on studying biodiversity by remote sensing. Biodi-
versity Science, 8(3): 343-346.

Yue TX, Liu JY, Li ZQ, et al. 2005. Considerable effects of diversity indices and
spatial scales on conclusions relating to ecological diversity. Ecological Modelling,
188: 418-431.

Yue TX, Ma SN, Wu SX, et al. 2006. Theoretical analysis of ecological diversity
models and their application in Fukang of Xinjiang Uygur Autonomous Region.
Chinese Journal of Applied Ecology, 17(5): 867-872.

Yue TX, Ma SN, Wu SX, et al. 2007. Comparative analyses of the scaling
diversity index and its applicability. International Journal of Remote Sensing,
28(7): 1611-1623.

Zhang SL, Zhang GL. 1996. Comparison between computation models of grey
interconnect degree and analysis on their shortages. Systems Engineering, 14(3):
45-49.

chinarxiv.org/items/chinaxiv-201902.00059 Machine Translation


https://chinarxiv.org/items/chinaxiv-201902.00059

ChinaRxiv [$X]

Zhu H, Wang H, Li BG, et al. 2015. Studies on the forest vegetation of Xishuang-
banna. Plant Science Journal, 33(5): 641-726.

Zhu H, Xu ZF, Li BG, et al. 2002. A discussion on the loss of biodiversity of
tropical rain forest by Amomum planting underneath in south Yunnan. Guihaia,
22(1): 55-60.

Zhu H, Xu ZF, Wang H, et al. 2000. Floristic composition and change of rain
forest fragments in Xishuangbanna, southern Yunnan. Biodiversity Science,
8(2): 139-145.

Zhu H, Xu ZF, Wang H, et al. 2001. Over 30-year changes of floristic composi-
tion and population structure from an isolated fragment of tropical rain forest
in Xishuangbanna. Acta Botanica Yunnanica, 23(4): 415-427.

Zhu WZ, Fan JR, Wang YK, et al. 2009. Assessment of biodiversity conservation
importance in the upper reaches of the Yangtze River: by taking county area
as the basic assessment unit. Acta Ecologica Sinica, 29(5): 2603-2611.

Zou SH, Chen YR, Xu WF, et al. 2017. Impact factors of the total flavonoids
content in Guizhou Miao medicine Laportea bulbifera based on grey correlation
analysis. Guihaia, 37(4): 461-469.

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

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201902.00059 Machine Translation


https://chinarxiv.org/items/chinaxiv-201902.00059

	Temporal Variation in Tree Diversity of Major Forest Vegetation Types in Xishuangbanna Region: A Postprint
	Abstract
	Full Text
	Preamble
	Abstract
	1. Study Area Overview
	2.1 Plot Setup and Survey Methods
	2.2 Vegetation Distribution and Area Extraction
	2.3 Diversity Measurement Methods
	2.4 Evaluation of Forest Tree Diversity in Xishuangbanna
	3.1 Changes in Forest Vegetation Area
	3.2 Comparison of Tree Diversity in Sample Plots
	3.3 Changes in Tree Diversity Across the Entire Region
	4.1 Analysis of Causes for Tree Diversity Changes
	4.2 Significance of Tropical Rainforest in Maintaining Regional Biodiversity
	4.3 Applicability Analysis of the Scaling Ecological Diversity Index
	Acknowledgments
	References


