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Abstract

This study investigates the 25-ha Gulinging karst forest dynamics plot in Yun-
nan, employing methods of plot census, specimen collection and identification,
floristic analysis, Jaccard similarity coefficient, and PCA analysis to explore
the floristic characteristics and status of the Gulinging plot and its geograph-
ical relationships with the Bubeng plot in Yunnan and the Nonggang plot in
Guangxi. The results show that: (1) There are approximately 406 species (in-
cluding infraspecific taxa and excluding lianas) of woody plants with DBH $ $1
cm, belonging to 238 genera and 78 families. (2) In this plot, families contain-
ing 2-5 species and families containing 1 species are dominant, accounting for
37.18% and 34.62% of the total number of families, respectively; genera contain-
ing 2—4 species and genera containing 1 species are dominant, accounting for
30.25% and 65.13% of the total number of genera, respectively. (3) Analysis of
distribution types at the family and genus levels reveals that families exhibit
9 distribution types and 7 variants, with the “pantropical distribution” type
being the most predominant, accounting for 50.77%, and the ratio of tropical
to temperate floristic elements (R/T) is 4.42; genera exhibit 11 distribution
types, dominated by “tropical Asian elements,” followed by “pantropical ele-
ments” and “Old World tropical elements,” accounting for 33.47%, 18.22%, and
13.98%, respectively, with an R/T of 10.25. (4) Comparison of Jaccard similar-
ity coefficients for family and genus composition among the Gulinging, Bubeng,
and Nonggang plots shows that Gulinging and Bubeng have the highest similar-
ity coefficients for both families and genera (0.674 and 0.395, respectively), while
Bubeng and Nonggang have the lowest similarity coefficients for both families
and genera (0.575 and 0.297, respectively). (5) PCA analysis of generic floristic
spectra yields results similar to those of generic similarity coefficient analysis,
but familial PCA analysis results differ from familial similarity analysis results,
with familial PCA analysis indicating greater geographical connections between
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Gulinging and Nonggang. In summary, this plot exhibits rich family and genus
composition, pronounced tropical nature, ancient floristic origin, obvious tran-
sitional status, and extensive floristic connections. However, comparison of
species composition and floristic spectra cannot yield consistent geographical
relationship results among the three aforementioned regions.

Full Text

Preamble
ChinaXiv DOI:10.11931/guihaia.gxzw202306044

Floristic Geography of Woody Plants in the Gulinqging Karst Forest
Large Plot, Yunnan Province

LIU Qun',?, CHEN Wenhong', HUANG Hong'? YANG Chong', FAN
Changli', ZHANG Jinguo?, SHUI Yumin'*

'Key Laboratory for Plant Diversity and Biogeography of East Asia, Kunming
Institute of Botany, Chinese Academy of Sciences, Kunming 650201, China
2School of Ecology and Environmental Science, Yunnan University, Kunming
650091, China

3University of Chinese Academy of Sciences, Beijing 100049, China

4Maguan Gulinging Provincial Nature Reserve Management and Protection Bu-
reau, Wenshan 663701, Yunnan, China

Abstract: Based on the 25 ha karst forest large plot in Gulinging, Yunnan, this
study employed plot investigation, specimen collection and identification, floris-
tic analysis, Jaccard similarity coefficients, and PCA to explore the floristic
characteristics and status of the Gulinging plot and its geographical relation-
ships with the Bubeng plot in Yunnan and the Nonggang plot in Guangxi. The
results showed: (1) There were approximately 406 species (including infraspe-
cific taxa, excluding woody vines) of woody plants with DBH > 1 c¢m, belonging
to 238 genera and 78 families. (2) Families with 2-5 species and families with
1 species dominated, accounting for 37.18% and 34.62% of total families re-
spectively, while genera with 2—4 species and genera with 1 species dominated,
accounting for 30.25% and 65.13% of total genera respectively. (3) Analysis of
areal-types revealed 9 types and 7 variations at the family level, with pantropic
distribution being the most common (50.77%), and a tropical to temperate flora
ratio (R/T) of 4.42. At the genus level, 11 areal-types were identified, domi-
nated by tropical Asian elements (33.47%), followed by pantropic (18.22%) and
Old World tropical elements (13.98%), with an R/T ratio of 10.25. (4) Jaccard
similarity coefficients showed the highest family and genus similarity between
Gulinging and Bubeng (0.674 and 0.395 respectively), while Bubeng and Nong-
gang showed the lowest similarity (0.575 and 0.297 respectively). (5) PCA of
generic floristic spectra yielded similar results to the Jaccard similarity analy-
sis, but familial PCA results differed, indicating closer geographical connections
between Gulinging and Nonggang at the family level. In conclusion, the plot

chinarxiv.org/items/chinaxiv-202405.00169 Machine Translation


https://chinarxiv.org/items/chinaxiv-202405.00169

ChinaRxiv [$X]

exhibits rich familial and generic composition, pronounced tropical characteris-
tics, ancient floristic origins, evident transitional status, and extensive floristic
connections. However, comparisons of species composition and floristic spec-
tra did not yield consistent geographical connection patterns among the three
regions.

Keywords: floristic spectrum, floristic geography, Gulinging, Southeast Yun-
nan, tropical karst forest
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Introduction

Floristic geography is the science that investigates the composition, distribution
patterns, distribution laws, formation mechanisms, and evolutionary history of
floras in a given region or worldwide (Ying, 1997). Flora refers to the total as-
semblage of plant taxa in a specific area during a particular period, representing
the long-term development and evolution of plants under certain natural histori-
cal conditions, especially geological history (Wu & Wang, 1983). Based on these
concepts, flora constitutes the research object of floristic geography. While flora
focuses on species composition and distribution, floristic geography additionally
explores the origins and evolutionary processes of floristic elements by integrat-
ing geological history (Li, 2008; Wu & Yang, 2022). Studying the areal-types
of families and genera in a region can reveal its floristic origins, species mi-
gration and differentiation history, and provide a comprehensive inventory of
plant resources (Wu et al., 2006). Because generic morphological character-
istics are relatively stable, geographical distributions are relatively fixed, and
they reflect plant differentiation and evolutionary history, generic areal-types
are typically used to characterize regional floristic properties and features (Li
& Zhang, 2022). Currently, floristic geography is transitioning from macro- to
micro-scale research, entering a stage of multidisciplinary integration and multi-
method collaborative development. Macroscopically, research explores factors
influencing floristic patterns from perspectives of geological history, ecological
environment, plant communities, and large-scale spatial patterns. Microscopi-
cally, studies reveal the origins and evolutionary mechanisms of floristic elements
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through phylogenetic trees and molecular mechanisms of speciation, or combine
macro- and micro-approaches to elucidate the formation, evolution, and spatial
differentiation of floras (Sun, 2017; Sun et al., 2017).

Forest dynamic plots are established to study biodiversity maintenance mech-
anisms, species coexistence mechanisms, and community succession patterns.
Research on these plots primarily focuses on species composition and structure,
floristic characteristics, spatial distribution patterns, community assembly mech-
anisms, population survival and regeneration, coevolution between species and
habitats, plant-microbe interactions, seed rain and litter dynamics, and nega-
tive density-dependent mechanisms of species coexistence (Pei, 2011; Feng et
al., 2016; Mi et al., 2016, 2022; Ma, 2017; Zheng, 2018). To date, over 70 large
forest dynamic plots have been established globally, with approximately 26 in
China and nearly 60 auxiliary plots of 1-5 ha (Anderson-Teixeira et al., 2015;
Wu et al., 2022; http://www.cnediversitas.cn/zyxm/cforbio/js/). Many Chi-
nese plots have documented and analyzed the floristic characteristics of woody
plants, covering a range from cold-temperate to tropical zones (Ye et al., 2008;
Zhu et al., 2008; Liu et al., 2011; Yang et al., 2011; Xu & Jin, 2012; Lu et al.,
2013; Diao et al., 2016; Wang, 2016; Xie, 2017; Xie et al., 2019; He et al., 2021;
Wu et al., 2021). Among these, tropical plots include Bubeng and Nabanhe in
Xishuangbanna (Yunnan), Nonggang in Guangxi, and Jianfengling in Hainan,
all located on the northern margin of tropical regions and suitable for longitu-
dinal comparisons with the Gulinging plot (Lan et al., 2013; Wang et al., 2014;
Xu et al., 2015; Shi et al., 2021).

The 25 ha Gulinging karst forest plot represents a karst depression landform,
harboring many typical “rock-loving” tree species as well as “soil-loving” species,
with strong habitat heterogeneity. Due to its unique climatic conditions, habitat
types, and floristic characteristics, the region has attracted numerous scholars
since Cai Xitao collected plant specimens there in 1932, followed by researchers
including Liu Yuhu, Wu Sugong, Sun Hang, and Peng Hua (Bao et al., 1998).
Chen Feipeng, Hu Yujia, and Li Biao from Sun Yat-sen University, in col-
laboration with the Wenshan Forestry Bureau, collected approximately 3,300
specimens stored at the SYS herbarium (Li, 1987). Shui Yumin and his team
extensively surveyed forest areas in Gulinging Township, collecting over 3,000
specimens and enriching regional vegetation surveys (Zhang, 2007).

However, previous botanical surveys lacked systematic approaches and employed
limited methodologies. The region’s complex biogeographical position in a bor-
der tropical area, substantial species uncertainty, inadequate survey intensity,
and insufficient evidence for its floristic status made it difficult to systematically
reflect local floristic characteristics and position. Building on previous investiga-
tions, this study established a 25 ha permanent karst forest monitoring plot in
a karst depression approximately 600 m north of the timber inspection station
in Gulinging Township, Maguan County, Yunnan, in 2021, providing a founda-
tion for systematic survey and in-depth floristic analysis. Based on plot survey
data, we compiled a plant inventory and statistically analyzed the areal-types
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of all woody plant families and genera to explore floristic properties. Floristic
analysis typically examines generic patterns and compares them with surround-
ing regions to assess geographical connections (Li & Sun, 2017). According to
floristic regionalization of China, the 25 ha Gulinging karst forest monitoring
plot is located in the Paleotropical Kingdom, within the transition zone between
the northern Beibu Gulf region and the Yunnan-Myanmar-Thailand region of
the Malaysian subkingdom, near the Honghe Fault Zone. The role of this fault
zone in demarcating these regions remains unstudied (Shui et al., 2003; Wu et
al., 2010; Chen et al., 2014). This study compares the floristic relationships
between the Gulinging plot and the Bubeng plot (Yunnan-Myanmar-Thailand
region) and the Nonggang plot (Beibu Gulf region) (Liang et al., 1988; Zhu,
1993; Lan et al., 2014; Wang et al., 2016) to explore Gulinging’s floristic con-
nections.

Using the 25 ha Gulinging karst forest plot as the study area, this research
employs CTFS forest dynamic plot survey methods and floristic geography ap-
proaches, utilizing Jaccard similarity coefficients and PCA analysis to address:
(1) the floristic properties of the Gulinging plot; (2) its transitional biogeograph-
ical status; and (3) its geographical connections with the Bubeng plot (Yunnan-
Myanmar-Thailand region) and the Nonggang plot (Beibu Gulf region).

1. Materials and Methods

1.1 Study Area Overview

The 25 ha Gulinqging karst forest plot is located in Bojia Village, Gulinqing Town-
ship, southwestern Maguan County, Wenshan Prefecture, southeastern Yunnan,
approximately 600 m from the timber inspection station, at the border between
Hekou and Maguan counties (Zhu et al., 2007; Liu et al., 2019). Situated south
of the Tropic of Cancer at 104°15 E, 22°36 N, the plot ranges from 530-613
m in elevation with 83 m vertical relief. Southeastern Yunnan faces Vietnam
across a river and represents the northern margin of Southeast Asian tropical
rainforests (Zhu et al., 2007). The region has a mean annual temperature of 22.8
°C, 1,802 hours of sunshine, and annual rainfall reaching 1,764 mm. Influenced
by airflows from the Beibu Gulf and Bay of Bengal, the climate is hot and humid
year-round with 86% mean annual relative humidity and a “double rainy sea-
son” pattern (Zhang et al., 2015; Li et al., 2018). Based on this rainfall pattern
and vegetation classifications, the tropical rainforest belongs to the tropical hu-
mid rainforest subtype (Wu et al., 1987; Wu, 1995), though some scholars argue
it should be classified as tropical seasonal rainforest due to monsoon climate
influence and deciduous components (Schimper, 1903; Zhu & Tan, 2023). The
substantial vertical relief creates a typical karst landform with high rock out-
crop rates and a central depression surrounded by higher elevations (Maguan
County Local Records Compilation Committee, 1995; Kong, 2008). Shielded by
the Himalayas, the area was rarely affected by ancient geological extreme events,
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preserving numerous relict plants and earning the reputation as a “mysterious
green treasure south of the Tropic of Cancer” (Shui et al., 2005). The region
is also a core area of the ancient endemic center of southeastern Yunnan and
one of China’s three major biodiversity centers (Zhang, 2013). Its unique ge-
ographical location harbors particularly rich biodiversity and rare/endangered
species, making systematic research and conservation of this tropical rainforest
critically important.

1.2 Plot Establishment and Inventory Compilation

The 25 ha Gulinging karst forest plot was established following CTFS (Center
for Tropical Forest Science) standards, measuring 500 m x 500 m and divided
into 625 subplots of 20 m x 20 m, designated as GLQ0101-GLQ2525. Each 20
m X 20 m subplot was further divided into sixteen 5 m x 5 m quadrats. All
woody plants (excluding woody vines) with DBH > 1 ¢cm at 1.3 m height were
tagged, with branches > 1 cm below breast height receiving branch tags (Con-
dit, 1998). Plant surveys were conducted seasonally from 2022-2023, with four
major intensive surveys recording species, tree height, DBH, location, habitat,
and special conditions. Unidentifiable plants were collected as specimens for in-
door identification; specimens that could not be identified morphologically were
subjected to molecular identification. Species nomenclature followed previous
surveys of Maguan Gulinging (Shui & Chen, 2006; Zhu et al., 2007; Shui et al.,
2020), Seed Plants of Karst Regions in China (Vol. 1, Southeast Yunnan) (Shui
& Chen, 2006), Wild Seed Plants of Xishuangbanna, Yunnan (Zhu & Yan, 2012),
and Guangzi Nonggang Karst Seasonal Rainforest—Tree Species and Their
Distribution Patterns (Wang et al., 2016). Online resources including iPlant
(http://www.iplant.cn/), Chinese Virtual Herbarium (https://www.cvh.ac.cn/,
CVH), and Plant Photo Bank of China (http://ppbc.iplant.cn/, PPBC) were
consulted for species information, identification, and standardization of family,
genus, and species names, resulting in the Inmventory of Woody Plants in the
25 ha Gulinging Karst Forest Plot (Appendix 1). Families and genera for the
comparative Bubeng and Nonggang plots were updated according to the latest
APG 1V system (Appendices 2 and 3).

1.3 Floristic Analysis

Using the iPlant database and the latest APG IV system, plant inventories
for Gulinging, Nonggang, and Xishuangbanna were standardized. Revised
areal-types for families and genera were statistically analyzed following Wu
et al. (2006) and Stevens (2001 onwards) for families, and A Dictionary of
the Families and Genera of Chinese Vascular Plants (Li et al., 2018) and The
Families and Genera of Chinese Vascular Plants (Li et al., 2020) for genera.

1.4 Analysis of Geographic Connections Among Floras

Geographic connections were assessed through Jaccard similarity coefficients of
families and genera among Gulinging karst forest plot (GLQ), Nonggang karst
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seasonal tropical rainforest plot (NG), and Xishuangbanna’s Bubeng tropical
seasonal rainforest plot (BB). Following Whittaker (1972), Jaccard similarity
was calculated as Jaccard = C/(A+B-C), where C represents shared taxa be-
tween two regions, and A and B represent total taxa in each region. Higher
coefficients indicate greater similarity.

Floristic spectra (percentage representation of each floristic element) were com-
pared among plots (Ma et al., 1995), calculated as FER = (FEi/T) x 100,
where FEi is the number of taxa for the i-th floristic element and T is the total
number of taxa. Cosmopolitan elements were excluded, and distribution types
2-15 were quantified through floristic spectra calculation and visualized using
PCA in Origin 2021.

2. Results
2.1 Statistical Analysis of Family and Genus Richness

Systematic survey of the 25 ha Gulinging karst forest plot documented 78 fam-
ilies, 238 genera, and 406 species of woody plants.

2.1.1 Family-Level Richness Analysis Family richness analysis (Table 1
) revealed three families with >20 species: Lauraceae (34 species), Rubiaceae
(28 species), and Moraceae (22 species), representing 3.85% of total families and
20.69% of total species. These are cosmopolitan or pantropic families. Eight
families contained 11-20 species: Fabaceae (19), Annonaceae (17), Meliaceae
(16), Euphorbiaceae (14), Phyllanthaceae (13), Rutaceae (11), Primulaceae (11),
and Lamiaceae (11), accounting for 10.26% of families and the highest propor-
tion of species (27.59%), mostly cosmopolitan or pantropic. Eleven families
had 6-10 species (14.10% of families, 22.17% of species), including Acanthaceae
(10), Malvaceae (9), Urticaceae (9), Sapindaceae (9), Araliaceae (9), Magno-
liaceae (8), Salicaceae (8), Fagaceae (8), Ebenaceae (8), Myrtaceae (6), and
Burseraceae (6), showing diverse areal-types including pantropic, north tem-
perate and south temperate disjuncted, East Asian (tropical, subtropical) and
tropical South American disjuncted, and East Asian and North American dis-
juncted. Families with 2-5 species were most numerous (39 families, 37.18% of
total), comprising 22.91% of species, including Rosaceae (5), Celastraceae (5),
Anacardiaceae (5), Connaraceae (5), Apocynaceae (4), Proteaceae (4), Diptero-
carpaceae (3), Clusiaceae (3), Cannabaceae (3), Icacinaceae (3), and Stemonu-
raceae (2), predominantly pantropic. Families with 1 species were the second
most common (27 families, 34.62%), representing 6.65% of species, including
Capparaceae, Pittosporaceae, Theaceae, Aquifoliaceae, Gentianaceae, Lecythi-
daceae, and Tapisciaceae, with diverse areal-types dominated by pantropic dis-
tribution.
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2.1.2 Genus-Level Richness Analysis Genus richness analysis (Table 2 )
showed one genus with >10 species: Ficus (15 species, 0.42% of genera, 3.69%
of species), a cosmopolitan genus with broad ecological amplitude and strong
adaptability. Ten genera contained 5-10 species (4.20% of genera, 14.78% of
species), including Diospyros, Ardisia, Polyalthia, and Litsea, mostly pantropic,
Old World tropical, East Asian (tropical, subtropical) and tropical American
disjuncted, tropical Asian to tropical Australasian, and East Asian—North Amer-
ican disjuncted. Genera with 2-4 species were most numerous (72 genera,
30.25% of total, 43.35% of species), including Michelia, Artocarpus, Dalber-
gia, Aphanamixis, Garcinia, Manglietia, and Viburnum, predominantly tropical
Asian, pantropic, Old World tropical, East Asian (tropical, subtropical) and
tropical American disjuncted, tropical Asian to tropical Australasian, and East
Asian—North American disjuncted. Single-species genera dominated (155 gen-
era, 65.13% of total, 38.18% of species), including Deutzianthus, Dipterocarpus,
Parashorea, Lirianthe, Pometia, and Polygala, mostly tropical Asian, pantropic,
Old World tropical, East Asian (tropical, subtropical) and tropical American
disjuncted, and tropical Asian to tropical Australasian.

2.2 Areal-Type Statistics

2.2.1 Family Areal-Types Family areal-types comprised 9 types and 7 vari-
ations (Table 3 ). Pantropic distribution was most prevalent (50.77%), including
Euphorbiaceae, Annonaceae, Malvaceae, Acanthaceae, Meliaceae, Sapotaceae,
Sapindaceae, and Ebenaceae—dominant families in tropical rainforests. East
Asian (tropical, subtropical) and tropical South American disjuncted families
included six families (9.23%): Aquifoliaceae, Elaecocarpaceae, Gesneriaceae,
and Araliaceae. North temperate distribution and its variations accounted
for 12.31%, including Cannabaceae, Juglandaceae, Fagaceae, Cornaceae, and
Salicaceae, which were not dominant in the plot. The ratio of tropical (types
2-T7) to temperate (types 8-15) floristic elements (R/T) was 4.42 at the family
level.

2.2.2 Genus Areal-Types Genus areal-types are particularly significant.
Analysis revealed 11 areal-types (Table 4 ), with tropical Asian elements being
most abundant (79 genera, 33.47%), including Manglietia, Michelia, Artocarpus,
Aphanamixis, Nothapodytes, Desmos, Chukrasia, Actinodaphne, Trivalvaria,
Chisocheton, Parashorea, and Sarcosperma. Pantropic distribution ranked
second (43 genera, 18.22%), including Ficus, Diospyros, Ardisia, Sterculia,
Beilschmiedia, Salacia, Drypetes, Ziziphus, Schefflera, and Homalium. Old
World tropical elements were third (33 genera, 13.98%), including Canarium,
Syzygium, Pavetta, Maesa, Tarenna, Bridelia, Cleistanthus, Antiaris, and
Flueggea. Tropical Asian to tropical Australasian distribution ranked fourth
(30 genera, 12.71%), including Actephila, Breynia, Trigonostemon, Aglaia,
Neonauclea, and Horsfieldia. Fast Asian (tropical, subtropical) and tropical
South American disjuncted elements ranked fifth (16 genera, 6.78%), including
Litsea, Meliosma, Microtropis, Caryodaphnopsis, Ilex, Lycianthes, Turpinia,
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and Sapindus. Among types 8-15, few genera were present, but East Asian and
North American disjuncted and East Asian distributions comprised substantial
proportions (3.39% and 2.54% respectively), including Gleditsia, Castanopsis,
Nyssa, Firmiana, Vernicia, and Eriobotrya. The generic R/T ratio was 10.25,
indicating strong tropical affinities.

2.3 Comparative Study with Bubeng and Nonggang Plots

Preliminary data showed the Gulinging 25 ha plot (530—613 m elevation, 83 m
relief, 104°15 E, 22°36 N) had 44.73% rock outcrop and 78 families, 238 genera,
and 406 woody species (excluding vines, see Appendix 1). The Nonggang plot
(15 ha, 180-370 m, mean 260 m, 190 m relief, 106°57 E, 22°25 N) had 68.80%
rock outcrop and 55 families, 154 genera, and 218 woody species (Wang et al.,
2016) (Appendix 2). The Bubeng plot (20 ha, 709-869 m, 160 m relief, 101°34
E, 21°36 N) had latosol soils, thick soil layers, and 71 families, 200 genera, and
428 woody species (Ci, 2018; Zhang et al., 2018) (Appendix 3).

2.3.1 Similarity Coefficients of Family and Genus Composition
Jaccard similarity coefficients (Table 5 ) showed the highest familial similarity
between Gulinging and Bubeng (0.674), followed by Gulinging and Nonggang
(0.583), with Bubeng and Nonggang showing the lowest similarity (0.575).
Generic similarity was also highest between Gulinging and Bubeng (0.395),
followed by Gulinging and Nonggang (0.315), with Bubeng and Nonggang
lowest (0.297). Thus, Jaccard similarity analyses yielded consistent results at
both family and genus levels.

2.3.2 PCA of Family and Genus Floristic Spectra PCA was performed
on floristic spectra of families and genera from the three plots (Table 6 ). The
first two principal coordinates explained >80% of variance. For families, Co-
ordinate 1 explained 63.70% and Coordinate 2 explained 36.30% (cumulative
100%). For genera, Coordinate 1 explained 85.05% and Coordinate 2 explained
14.95% (cumulative 100%), indicating effective dimensionality reduction.

PCA results (Figure 1 [Figure 1: see original paper]) showed that at the fam-
ily level, Gulinqing and Nonggang were closest, indicating higher similarity in
familial floristic spectra, followed by Gulinging and Bubeng, with Bubeng and
Nonggang most distant—contradicting familial Jaccard similarity results (Fig-
ure 1A). At the genus level, Gulinging and Bubeng were closest, showing highest
similarity, followed by Gulinging and Nonggang, with Bubeng and Nonggang
most distant—consistent with generic Jaccard results (Figure 1B). Thus, PCA
yielded different patterns for families and genera.
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3. Discussion and Conclusion

The high species richness of families, genera, and species in this plot likely re-
lates to diverse limestone-sandstone habitats, reflected in rock outcrop rates:
Gulinging 44.73%, Nonggang 68.80%, and Bubeng (non-karst, soil-dominated)
(Table 8 ). The rock-soil composite habitat nurtures unique species preferences,
enhancing diversity. Soil environments support richer plant life than rock envi-
ronments, giving Gulinging and Bubeng higher species richness than Nonggang.

Family richness analysis revealed that families with >20 species and those with
11-20 species were dominant, comprising plot-advantaged families including
Lauraceae, Moraceae, Rubiaceae, Annonaceae, Fabaceae, Meliaceae, and Eu-
phorbiaceae. These cosmopolitan or pantropic families have undergone adap-
tive differentiation, substantially supplementing local species richness. Genus
analysis showed that genera with 2-4 species and monotypic genera dominated,
including both newly migrated genera (not yet differentiated) and relict gen-
era (evolutionarily terminal). Relict genera such as Lirianthe and Manglietia
suggest Gulinging may be their origin center, surviving due to minimal or no
impact from polar glaciation, corroborating its status as an ancient endemic
center.

Familial areal-type analysis identified 9 types and 7 variations, indicating exten-
sive and complex geographical connections related to its transitional position.
Pantropic families dominated, demonstrating pronounced tropical characteris-
tics. North temperate and East Asian distributions also contributed substan-
tially, evidencing deep historical connections with temperate regions, particu-
larly Fast Asia. Generic areal-type analysis identified 11 types, with tropical
Asian elements dominant, likely resulting from Indian-Eurasian plate collision
and infiltration of tropical Asian elements after the Tertiary, consistent with
Zhu (2018). Pantropic and Old World tropical elements ranked second and
third, confirming pronounced tropical properties and ancient origins, support-
ing the status of southeastern Yunnan as an ancient endemic center (Li et al.,
2002). The substantial proportion of tropical Asian to tropical Australasian ele-
ments suggests the area was once oceanic, retaining some Australasian floristic
components after uplift during the Yanshan orogeny (Shui et al., 2020). East
Asian elements also contributed significantly, indicating connections with East
Asian flora and confirming the transitional nature of southeastern Yunnan as a
corridor for southward penetration of East Asian flora (Zhu, 2013).

All three plots showed dominant tropical components in R/T values. Gulinging’s
R/T values were higher than Nonggang’s but lower than Bubeng’s, showing clear
longitudinal patterns: Bubeng > Gulinging > Nonggang (Table 8). Tropical
Asian elements also decreased longitudinally from west to east, suggesting the
Indian-Eurasian collision center may have been located in or west of southern
Yunnan.

Familial similarity and PCA analyses revealed an interesting discrepancy: de-
spite higher Jaccard similarity between Gulinging and Bubeng, familial PCA
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indicated closer geographical connections between Gulinging and Nonggang.
This likely reflects different geological backgrounds, with southern Yunnan’s
Bubeng and southeastern Yunnan’s Gulinging hosting different plant groups
(Zhu, 2011). The closer familial connection between Gulinging and Nonggang
may reflect more ancient geological ties, as both belong to the same geologi-
cal karst plate (Ma, 2002). Generic analyses showed Gulinging and Bubeng
had both higher similarity coefficients and closer PCA distances, possibly due
to 30° clockwise rotation of the Simao-Lanping geological plate and southward
shift of southeastern Yunnan, causing migration of some taxa to southern Yun-
nan (Zhu & Yan, 2003; Zhu, 2015). This geological event may explain the
higher similarity between Bubeng and Gulinging. Additionally, Bubeng’s soil-
dominated environment (without harsh karst limestone) supports rich diver-
sity and “soil-loving” plant groups similar to those in Gulinging, where stable
soil environments provide most species while rock habitats contribute fewer.
Gulinging-Nonggang similarity ranked second, with Bubeng-Nonggang lowest,
though differences were small. Nonggang’s homogeneous karst limestone habitat
results in lower diversity, explaining its lower similarity with Gulinging. How-
ever, shared species between Nonggang and Gulinging are likely rock-dwelling
specialists, and Gulinging’s rock-soil composite habitat creates conditions for
its transitional floristic status. Integrating latitude/longitude, similarity coeffi-
cients, PCA results, R/T values, and rock-soil habitat heterogeneity, Gulinging
occupies an intermediate position between the Yunnan-Myanmar-Thailand re-
gion (Bubeng) and the Beibu Gulf region (Nonggang), with its transitional sta-
tus clearly related to proximity to the Honghe deep fault zone. We propose that
besides demarcating southern and southeastern Yunnan, the Honghe Fault may
also serve as a boundary between the Yunnan-Myanmar-Thailand and Beibu
Gulf regions (Shui et al., 2003; Zhu, 2011).

In summary, the 25 ha Gulinging karst rainforest plot exhibits pronounced trop-
ical characteristics with minimal East Asian elements, leaning more toward the
Paleotropical Kingdom. Its ancient origin is evidenced by substantial Old World
tropical components and numerous ancient families and genera, confirming its
ancient floristic nature. Its transitional status is evident in geographical loca-
tion, habitat conditions, similarity coefficients, PCA results, and R/T values,
all positioning it between the Yunnan-Myanmar-Thailand region (Bubeng) and
the Beibu Gulf region (Nonggang). Generic PCA indicates closer recent geo-
graphical connections with Bubeng, while familial PCA suggests more ancient
geological connections with Nonggang. All evidence points to a clear transi-
tional nature. However, whether species-level analyses will corroborate these
patterns requires further investigation.

Acknowledgments

We thank Prof. Li Hongqing (Moraceae), Dr. Tan Yunhong and Dr. Xu Bo (An-
nonaceae) from Xishuangbanna Tropical Botanical Garden, and Dr. Liu Bing

chinarxiv.org/items/chinaxiv-202405.00169 Machine Translation


https://chinarxiv.org/items/chinaxiv-202405.00169

ChinaRxiv [$X]

(Lauraceae) for specimen identification guidance. We are grateful to the Gulin-
qing Provincial Nature Reserve Management and Protection Bureau for support,
to Honghe University and Guizhou University volunteers for plot surveys, and
to project staff of the Kunming Institute of Botany Karst Species Evolution
Research Group for their dedication.

References

ANDERSON-TEIXEIRA KJ, DAVIES SJ, BENNETT AC, et al., 2015. CTFS
Forest GEO: A worldwide network monitoring forests in an era of global
change[J]. Glob Change Biol, 21(2).

BAO SY, MAO PY, YUAN SX, 1998. A brief history of plant collection in
Yunnan[M]. Beijing: Science Press: 1-214.

CHEN LZ, SUN H, GUO K, 2014. Flora and vegetation geography of China[M].
Beijing: Science Press: 30-202.

CI XQ, 2018. DNA barcoding tropical trees and community phylogeny in
Xishuangbanna rainforest[D]. Xishuangbanna: Xishuangbanna Tropical Botan-
ical Garden of Chinese Academy of Sciences: 63-72.

CONDIT R, 1998. Tropical Forest Census Plots: methods and results from
Barro Colorado Island, Panama and a comparison with other plots[M]. Berlin:
Springer Science & Business Media.

DIAO YF, JIN GZ, TIAN SY, et al., 2016. Species composition and community
structure of a Tazus cuspidata forest in Muling Nature Reserve of Heilongjiang
Province, China[J]. Sei Silv Sin, 52(5): 26-36.

FENG G, MI XC, YAN H, et al., 2016. CForBio: a network monitoring Chinese
forest biodiversity[J]. Sci Bull, 61(15): 1163-1170.

HE CM, LIU RQ, YANG ZC, et al., 2021. Species composition and community
structure of warm temperate deciduous broadleaved forests in Huangguan of
Qinling Mountains, Chinal[J]. Chin J Appl Ecol, 32(8): 2737-2744.

KONG DC, 2008. Plant diversity and integrated assessment for Gulinqing Na-
ture Reserve in Maguang County[J]. For Invent Plann, 33(6): 22-26.

LAN GY, CAO M, ZHU H, 2014. Tree species diversity of a tropical seasonal
rainforest in Xishuangbanna[M]. Beijing: China Forestry Publishing House: 35-
42.

LAN GY, ZHU H, CAO M, 2013. Floristic composition of tropical seasonal rain
forests in XishuangbannalJ]. J NW For Univ, 28 (1): 33-38.

LI B, 1987. The forest flora Gulinging Conservation in Southeast Yunnan[D].
Guangzhou: Department of Biology, Sun Yat Sen University: 1-6.

chinarxiv.org/items/chinaxiv-202405.00169 Machine Translation


https://chinarxiv.org/items/chinaxiv-202405.00169

ChinaRxiv [$X]

LI CM, ZHANG H, 2022. Comparative analysis of the Land-Coastal Wetland-
Island plant system on the North Shore of the Yellow Sea[J]. J Green Sci Technol,
24(20): 14-19.

LI DW, 2008. The floristic geography of vascular plants of the Loess Plateau of
Northern Shanxi Province[D]. Yangling: Northwest A & F University: 1-128.

LI DZ, CHEN ZD, WANG H, et al., 2018. A dictionary of the families and
genera of Chinese vascular plants[M]. Beijing: Science Press: 1-682.

LI DZ, CHEN ZR, WANG H, et al., 2020. The Families and Genera of Chinese
Vascular Plants (The first, the second, and the third) [M]. Beijing: Science Press:
1-2416.

LI JX, CUI WH, HU XJ, et al., 2018. Cutting propagation and regression
planting of endangered plant Begonia gulingingensis|J]. Guihaia, 38(7): 851-
858.

LI R, SUN H, 2017. Phylofloristics: a case study from Yunnan, China[J]. Bio-
divers Sci, 25(2): 195-203.

LI YL, ZHU H, WANG H, 2002. A study on the flora of the seed plants of
tropical rainforest of Southeast Yunnan[J]. Guihaia, 22(4): 320-326.

LIANG CF, LIANG JY, LIU LF, et al., 1988. A report on the floristic survey
on the Nonggang Natural Reserve[J]. Guihaia, 18(Suppl. 1): 83-184.

LIU HF, LI L, SANG WG, 2011. Species composition and community structure
of the Donglingshan forest dynamic plot in a warm temper deciduous broad-
leaved secondary forest, China [J]. Biodivers Sci, 19(2): 232-242.

LIU Y, MIAO H, JIANG GL, et al., 2019. Analyses of daily activity rhythm
and activity pattern of four species of mammals in Gulinging Provincial Nature
Reserve, Yunnan[J]. Chin J Wildlife, 40(4): 832-839.

LU ZJ, BAO DC, GUO YL, et al., 2013. Community and structure of Badagong-
shan (BDGS) forest dynamic plot in a midsubtropical mountain evergreen and
deciduous broad-leaved mixed forest, central Chinal[J]. Plant Sci J, 31(4): 336-
344.

MA KP, 2017. Forest dynamics plot is a crosscutting research platform for
biodiversity science[J]. Biodivers Sci, 25(3): 227-228.

MA KP, GAO XM, YU SL, 1995. On the characteristics of the flora of Dongling
Mountain area and its relationship with a number of other mountainous floras
in Chinal[J]. Bull Bot Res, 15(4): 501-515.

Maguan County Local Records Compilation Committee, Yunnan Province,
1995. Maguan County annals]M]. Beijing: Sanlian Bookstore: 63-64.

MA LF, 2002. Geological atlas of China[M]. Beijing: Geological Publishing
House: 1-372.

chinarxiv.org/items/chinaxiv-202405.00169 Machine Translation


https://chinarxiv.org/items/chinaxiv-202405.00169

ChinaRxiv [$X]

MI XC, GUO J, HAO ZQ, et al., 2016. Chinese forest biodiversity monitoring:
scientific foundations and strategic planning [J]. Biodivers Sci, 24(11): 1203-
1219.

MI XC, WANG XG, SHEN GC, et al., 2022. Chinese Forest Biodiversity Mon-
itoring Network (CForBio): Twenty years of exploring community assembly
mechanisms and prospects for future research [J]. Biodivers Sci, 30(10): 211-
233.

PEI NC, 2011. Large scale permanent plot can do well for the floristic study of
seed plants[J]. Plant Divers Resour, 33(6): 615-621.

SCHIMPER AFW, 1903. Plant-geography upon a physiological basis|M]. Oxford:
Clarendon Press: 211-240.

SHI GS, LIU F, CHEN D, et al., 2021. Species composition and community
classification of the 20-ha tropical seasonal rainforest dynamics monitoring plot
in the Naban River, Yunnan[J]. Biodivers Sci, 29(1): 10-20.

SHUI YM, CHEN WH, 2006. Seed plants of the karst region in China (Vol. 1,
Southeast Yunnan) [M]. Beijing: Science Press: 1-261.

SHUI YM, CHEN WH, LI ZY, et al., 2003. Seed plants of honghe region in
Yunnan, China[M]. Kunming: Yunnan Science & Technology Press: 38-41.

SHUI YM, CHEN WH, WU JY, et al., 2020. Biodiversity of higher plants
and vegetation of Hekou County, Yunnan[M]. Kunming: Yunnan Science &
Technology Press: 7-8.

SHUI YM, ZHANG MD, XIONG XF, et al., 2005. Mysterious green treasure
land-Maguan Gulinging Nature Reserve[J]. Yunnan Forestry, 26(4): 36.

SUN H, 2017. Multi-disciplinary integration and multi-scale exploration: a new
trend in the study of floristic geography[J]. Biodivers Sci, 25(2): 109-110.

SUN H, DENG T, CHEN YS, et al., 2017. Current research and development
trends in floristic geography[J]. Biodivers Sci, 25(2): 111-122.

WANG B, HUANG YS, LI XK, et al., 2014. Species composition and spatial
distribution of a 15 ha northern tropical karst seasonal rain forest dynamics
study plot in Nonggang, Guangxi, southern China[J]. Biodivers Sci, 22(2): 141-
156.

WANG B, HUANG YS, LI XK, et al., 2016. Guangzi Nonggang karst sea-
sonal rain forest: tree species and their distribution patterns[M]. Beijing: China
Forestry Publishing House: 2-234.

WANG JW, 2016. Spatial distribution patterns and environmental interpreta-
tion of main tree species in broad-leaved Korean pine mixed forest in Changbai
Mountain[D]. Beijing: Beijing Forestry University: 1-45.

WHITTAKER RH, 1972. Evolution and measurement of species diversity[J].
Tazon, 21(2/3): 213-251.

chinarxiv.org/items/chinaxiv-202405.00169 Machine Translation


https://chinarxiv.org/items/chinaxiv-202405.00169

ChinaRxiv [$X]

WU H, XU HJ, FENG XJ, et al., 2022. Progress and prospect of China biodi-
versity monitoring from a global perspective[J]. Biodivers Sci, 30(10): 196-210.

WU LH, YANG LB, 2002. The formation and prospect of the contemporary
Chinese schools of florology and floristic phytogeography[J]. Guihaia, 22(1): 75-
80.

WU ZY, 1995. Vegetation of China[M]. Beijing: Science Press: 383-388.

WU ZH, WANG Z, LUAN FC, et al., 2021. Community composition and floral
characteristics of the Chebaling 20 hm? forest dynamic plot in a mid-subtropical
evergreen broad-leaved forest [J]. For Environ Sci, 37(3): 86-91.

WU ZY, SUN H, ZHOU ZH, et al., 2010. Floristics of seed plants from China[M].
Beijing: Science Press: 52-314.

WU ZY, WANG HS, 1983. Chinese physical geography-plant geography: The
First [M]. Beijing: Science Press: 1-125.

WU ZY, ZHOU ZK, SUN H, et al., 2006. The areal-types of seed plants and
their origin and differentiation[M]. Kunming: Yunnan Science & Technology
Press: 80-143.

WU ZY, ZHU YC, JIANG HQ, 1987. The vegetation of Yunnan|M]. Beijing:
Science Press: 97-192.

XIE FL, ZHOU Q, SHI H, et al., 2019. Species composition and community
characteristics of a 25 ha deciduous broad-leaved forest, Qinling Mountains,
north-central China[J]. Biodivers Sci, 27(4): 439-448.

XIE ZG, 2017. Research on original forest flora and floristic geographic ele-
ments in the north Greater Hinggan Mountains of Inner Mongolia[J]. For Resour
Manag, (2): 88-92.

XU H, LI YD, LIN MX, et al., 2015. Community characteristics of a 60 ha
dynamics plot in the tropical montane rain forest in Jianfengling, Hainan Island
[J]. Biodivers Sci, 23(2): 192-201.

XU LN, JIN GZ, 2012. Species composition and community structure of a typ-
ical mixed broadleaved-Korean pine (Pinus koraiensis) forest plot in Liangshui
Nature Reserve, Northeast ChinalJ]. Biodivers Sci, 20(4): 470-481.

YANG QS, MA ZP, XIE YL, et al., 2011. Community structure and species
composition of an evergreen broad-leaved forest in Tiantong’s 20 ha dynamic
plot, Zhejiang Province, eastern Chinal[J]. Biodivers Sci, 19(2): 95-103.

YE WH, CAO HL, HUANG ZL, et al., 2008. Community structure of a 20 hm?
lower subtropical evergreen broad-leaved forest in Dinghushan, Chinal[J]. Chin
J Plant Ecol, 32(2): 274-286.

YING JS, 1997. Contents and trends in phytogeographical studies[J]. Chin Bull
Bot, 14(S1): 14-18.

chinarxiv.org/items/chinaxiv-202405.00169 Machine Translation


https://chinarxiv.org/items/chinaxiv-202405.00169

ChinaRxiv [$X]

ZHANG MD, 2007. A Preliminary Study of Seed Plants on the Limestone Moun-
tains in Nanxi River Region, Yunnan Province, China[D]. Kunming: Kunming
Institute of Botany, Chinese Academy of Sciences: 1-18.

ZHANG MM, YANG KY, ZHOU RL, 2015. Dynamic changes of ecosystem
pattern in Gulinqging Nature Reserve[J]. J Anhui Agric Seci, 43(31): 7-9.

ZHANG R, DONG TF, DENG XB, et al., 2018. Vegetation numerical classi-
fication and ordination of a 20-hectare tropical forest plot in Xishuangbanna,
Southwest Yunnan[J]. Chin J Ecol, 37(2): 347-352.

ZHANG XQ, 2013. Diversity of species in Yunnan Gulinging Natural Reserve
and protect measures[J]. Inner Mongolia For Invest Des, 36(3): 96-99.

ZHENG JG, 2018. Advances in ecological research of the forest permanent plots
in Chinal[J]. J Xuchang Univ, 37(4): 10-14.

ZHU H, 1993. The floristic characteristics of the tropical rainforest in Xishuang-
banna [J]. Trop Geogr, 13(2): 149-155.

ZHU H, 2011. A new biogeographical line between south Yunnan and southeast
Yunnan[J]. Adv Earth Sci, 26(9): 916-925.

ZHU H, 2013. The floras of southern and tropical southeastern Yunnan have
been shaped by divergent geological histories[J]. PLoS ONE, 8(5): e64213.

ZHU H, 2015. Geographical patterns of Yunnan seed plants may be influenced
by the clockwise rotation of the Simao — Indochina geoblock[]J]. Front Earth
Sci, 3: 53.

ZHU H, 2018. Origin and evolution of the flora of Yunnan[J]. Plant Sci J, 36(1):
32-37.

ZHU H, TAN YH, 2023. Community characteristics, research states and prob-
lems of tropical rain forests in Chinal[J]. Chin J Plant Ecol, 47(4): 447-468.

ZHU H, WANG H, XTAO WX, 2007. A study on Parashorea chinensis com-
munity of tropical rain forest in Gulinqing of Maguan County, SE Yunnan,
ChinalJ]. Guihaia, 27(1): 62-70.

ZHU H, YAN LC, 2003. Notes on the realities and significances of the “Tanaka
line” and the “Ecogeographical diagonal line” in Yunnan[J]. Adv Earth Sci,
18(6): 871-877.

ZHU H, YAN LC, 2012. Native seed plants in Xishuangbanna of Yunnan[M].
Beijing: Science Press: 1-565.

ZHU SB, LIU YZ, ZHANG Q, et al., 2007. An analysis on resource protec-
tion status and residents’ protection awareness of Gulinging Nature Reserve[J].
Territory Nat Resour Stud, (3): 53-54.

ZHU Y, ZHAO GF, ZHANG LW, et al., 2008. Community composition and

chinarxiv.org/items/chinaxiv-202405.00169 Machine Translation


https://chinarxiv.org/items/chinaxiv-202405.00169

ChinaRxiv [$X]

structure of Gutianshan forest dynamic plot in mid-subtropical evergreen broad-
leaved forest East ChinalJ]. Chin J Plant Ecol, 32(2): 262-273.

Appendices

Appendix 1 Statistics on the list of woody plants with a diameter at breast
height $ $1 cm in the 25 ha large sample plot of Gulinging, Yunnan

Appendix 2 Statistics on the list of woody plants with a diameter at breast
height $ $1 c¢m in the 15 ha large sample plot of Nonggang, Guangxi

Appendix 3 Statistics on the list of woody plants with a diameter at breast
height $ $1 cm in the 20 ha large sample plot of Bubeng, Yunnan

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