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- Highlights:
✓ A comprehensive floristic survey in Song Hinh - Tay Hoa protection

forests was conducted, documenting 1163 species of vascular plant across
four divisions and 175 families.

✓ Angiosperms predominate (93.7%), with Euphorbiaceae, Fabaceae and
Moraceae being the most diverse families.

✓ Life-form analysis reveals 79.45% phanerophytes (chiefly
mesophanerophytes and nanophanerophytes), indicating a stable
ecosystem of humid tropical forest.

✓ Indo‑Malesian species contribute 58.38% of the flora; 41 species are 
identified as Critically Endangered to Vulnerable, emphasizing urgent
conservation needs.

✓ A rate of 8.60% species endemic to Vietnam classifies Song Hinh - Tay
Hoa protection forests as a tropical Asian biodiversity hotspot requiring
priority protection.

- Abstract: Understanding the current status of plant diversity in tropical forests
is fundamental for developing effective strategies for conservation and sustainable
management. This study assessed the floristic composition and diversity of the Song
Hinh - Tay Hoa protection forests, a representative tropical ecosystem in south-central
Vietnam. Field surveys followed by taxonomic identification recorded 1,163 species
of vascular plants, belonging to four divisions, 175 families, and 679 genera.
Angiosperms were overwhelmingly dominant (93.7%), with Euphorbiaceae, Fabaceae,
and Moraceae identified as the most diverse families, reflecting a typical tropical
forest structure. Analysis of life-form spectra revealed that phanerophytes constituted
79.45% of the flora, mainly mesophanerophytes and nanophanerophytes, a
characteristic feature of humid tropical forests. The dominance of phanerophytes
indicates a stable ecosystem with limited degradation. Floristic elements were mainly
represented by the Indo-Malesian group (58.38%), confirming both the humid tropical
nature of the vegetation and the transitional biogeographical position of the area - i.e.,
a junction where Indochinese (continental SE Asian) lineages overlap with Southern
Chinese/East Asian and Malesian (insular SE Asian) floras. Importantly, 41 species of
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high conservation concern were documented, with many categorized from Critically
Endangered to Vulnerable under the IUCN Red List (2025), the Vietnam Red Data
Book 2024, and Circular 27/2025/TT-BNNMT. The presence of a relatively high
proportion of Vietnamese endemic species (8.60%) further emphasizes the
conservation significance of this forest as a biodiversity hotspot within tropical Asia.
These findings underscore the urgent need to maintain forest cover, restrict
overexploitation, and monitor life-form spectra as indicators of ecosystem health. By
providing a comprehensive baseline of floristic diversity, this study offers essential
evidence to guide biodiversity conservation, support sustainable forest management,
and enhance resilience to climate change in the region.

- Keywords: Flora diversity, conservation value, life-form prevalence,
protected forest, Song Hinh - Tay Hoa.

1. INTRODUCTION

Diversity of plant communities plays a crucial role in shaping and maintaining
ecosystem functions, contributing to resource provision, ecological balance, and the
support of the overall biodiversity [1]. A wide range of plant species contribute to
processes that sustain ecosystem functioning, thereby enhancing system stability and
productivity [2, 3]. Experimental studies have demonstrated that species-rich
communities often perform more efficiently. Species-diverse floras exhibit higher
biological productivity, improved nutrient retention and cycling, and provide
multiple essential ecosystem services [4, 5]. Consequently, the decline of species
richness can lead to the reduction of critical functions such as biomass production,
soil regeneration, and climate regulation [6]. Diverse plant communities also
generate more nutrient-rich soils, store greater amounts of carbon, and display higher
cation exchange capacity compared to the species-poor communities [7].

Research on floristic diversity not only serves to catalogue species but also
provides fundamental insights for resource management and ecological conservation.
Floristic inventories enable the identification of rare and endangered species and
their distributions, forming the basis for conservation planning and for
recommending enhanced protection of forests with high biodiversity value [8, 9]. In
Vietnam - a country recognized as a global biodiversity hotspot yet whose
ecosystems remain vulnerable to anthropogenic activities and developmental
pressures - biodiversity research extends beyond academic interest. It has become an
essential foundation for conservation, offering systematic scientific knowledge to
support the protection, restoration, and sustainable management of valuable
biological resources. This ensures the maintenance of key ecosystem services,
thereby sustaining human livelihoods and contributing to national sustainable
development [10, 11].

The Deo Ca - Hon Vong Phu mountain range, located between southern part of
Phu Yen Province and northern part of Khanh Hoa Province, represents a transitional
zone from the eastern Annamite slopes to the coastal plains, characterized by a varied
topography of peaks interspersed with fertile valleys. The Song Hinh - Tay Hoa
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protection forests, situated on the western and southwestern slopes of this range,
includes low-mountain evergreen broadleaf forests and watershed protection forests of
the Hinh and Ba rivers. The mountain-valley landscape, combined with a tropical
monsoon climate and the transitional position between the South Central Coast and
Southeastern floristic regions, has fostered a rich vegetation composition, particularly
the understory flora. In recent years, the discovery of new plant species has
highlighted Song Hinh - Tay Hoa protection forests as a biodiversity hotspot in central
Vietnam. Furthermore, reports of rare reptiles, birds, and mammals in the same area
underscore the ecological biodiversity of this forest. In recent years, several botanical
studies have been conducted in the Song Hinh - Tay Hoa protection forests, recording
numerous rare species and revealing multiple taxa new to science, such as
Peliosanthes multiflora, Vanilla cardinalis, Newmania sessilanthera, and Billolivia
citrina. Newly recorded genera and species for Vietnam, including Hullettia dumosa
and Habenaria coultousii, have also been documented. Genetic analyses of
Cinnamomum parthenoxylon further highlight the conservation significance of the
Song Hinh population [12-15].

However, previous studies have mainly focused on species descriptions, local
distribution records, or small-scale genetic assessments. A comprehensive evaluation
of the vegetation structure, floristic composition, and overall plant diversity of the
entire Song Hinh - Tay Hoa forest complex is still lacking. This gap underscores the
need for more systematic, landscape-level investigations to clarify species
distribution patterns, floristic richness, and the ecological significance of this area.
Despite its high biological value, the Song Hinh - Tay Hoa protection forests are
under increasing pressure from logging, illegal road construction, and land-use
conversion. Against this backdrop, assessing the current status of plant diversity in
this forest has become imperative to clarify species composition, vegetation
structure, conservation significance, and potential threats. The findings will provide
a scientific basis for conservation planning, medicinal plant development, and
sustainable forest management in the region.

2. MATERIALS AND METHODS
2.1. Study area

The study was conducted from January 2024 to March 2025 in the Song Hinh
and Tay Hoa protection forests, located on the western and southwestern slopes of
the Deo Ca - Hon Vong Phu mountain range in south-central Vietnam (Figure 1).
The research area covers more than 52,000 hectares, dominated by evergreen
broadleaf forests primarily distributed above 400 m elevation. The region is
characterised by a mountain - valley landscape under a tropical monsoon climate,
with high annual rainfall and distinct seasonality [15]. To verify current field
identifications, the contemporary floristic composition was cross-referenced against
regional herbarium collections housed at Da Lat University (Herbarium), the
Biology Museum (VNU), and the Institute of Forest Science for South Central Viet
Nam and the Central Highlands.
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Figure 1. Location map of the study area
2.2. Data collection
We conducted four field campaigns (Jan 2024–Mar 2025) spanning both wet

and dry seasons. All records (field notes, photographs, georeferences) were digitised
into a standard database to support compilation of the floristic checklist and analyses
of the life-form spectrum and phytogeographical elements. Reconnaissance transects
were laid out to ensure comprehensive coverage of representative habitats (Figure 2):
(I) Song Hinh Protection Forest - four transects: (1) Thuong Nghe River corridor; (2)
Thuong Nghe River - 900 m summit; (3) Song Hinh hydropower reservoir - Thuong
Nghe River (Survey Route 3); (4) Forest Guard Station No. 1 - Lanh Stream; (II)
Tay Hoa Protection Forest - three transects: (5) Patrol route of Forest Guard Station
No. 2; (6) Dong Mau Hamlet - 1370 m summit; (7) Viettel broadcast station - 900 m
summit.

Transects were positioned to represent the main habitat types (low-mountain
evergreen broadleaf forest, riparian forest, slope-ridge complexes, forest
edges/secondary regeneration), elevation, slope, and aspect. Ridge-valley cross-
sections were prioritised to capture microclimatic gradients. Each transect followed
natural landforms; start/end points, length, elevation, and habitat were georeferenced
with handheld GPS (WGS84).

Along each transect, we established a 20 m-wide belt (10 m on either side of
the line). All vascular plant taxa encountered within the belt were recorded with a
provisional field identification, the coordinates of the first encounter, and the
corresponding habitat. For taxa with uncertain determination or of conservation
interest, herbarium vouchers were collected (branch material with leaves and, where



Scientific and Technological Research

Journal and Tropical Science and Engineering, Vol. 1 , Issue 1, March 2026 33

available, flowers/fruit), with full labels (collector code, date/time, habitat
description, coordinates and elevation). Vouchers were subsequently cross-checked
against regional reference collections at Da Lat University, the Forest Science
Institute of Central Highlands and South of Central Vietnam, and the Museum of
Biology, University of Science, to verify determinations and assess intraspecific
variation within the local range.

Figure 2. Location of survey routes
2.3. Data analysis
2.3.1. Species identification
The botanical specimens were identified using standard taxonomic sources,

including An Illustrated Flora of Vietnam [16], Timber Resources of Vietnam [17],
and the continually updated Flora of Vietnam series [18,14]. Identification also
involved comparing the field collections with authenticated voucher specimens
preserved in herbaria and with digitised images of type specimens available from
online repositories. Nomenclature was cross-checked against the accepted names
listed in Plants of the World Online (POWO), with synonyms noted and taxonomy
updated to reflect POWO classification.

2.3.2. Statistical analysis
Based on the field surveys and the compiled floristic checklist, several

analytical criteria were applied to evaluate species diversity and conservation value:
a) Species richness: descriptive statistics of taxonomic composition, including

the number of species, genera, and families.
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b) Life-form spectrum and phytogeographical elements: classification of life
forms according to Raunkiær’s system [19], and determination of geographical 
elements based on the classification system of Nguyen Nghia Thin [20].

c) Conservation value assessment: evaluation of conservation status following
the IUCN Red List (2025), the Vietnam Red Data Book (2024), and Circular No.
27/2025/TT-BNNMT (24 June 2025) issued by the Ministry of Agriculture and
Environment, which regulates the management of endangered, precious, and rare
species, the keeping of common forest animals, and the implementation of CITES.

3. RESULTS
3.1. Diversity of species composition
The results of field surveys and taxonomic identification confirmed that the

flora of the Song Hinh - Tay Hoa protection forests comprise 1,163 species
belonging to four divisions: Lycopodiophyta, Polypodiophyta, Pinophyta, and
Magnoliophyta. Among these, angiosperms (Magnoliophyta) were by far the most
diverse, with 147 families, 633 genera, and 1,090 species, accounting for 93.72% of
the total flora. Pteridophytes (Polypodiophyta) were represented by 23 families, 39
genera, and 58 species (4.99%), while gymnosperms (Pinophyta) comprised only 3
families, 5 genera, and 10 species (0.86%). Lycophytes (Lycopodiophyta) were the
least diverse group, with 2 families, 2 genera, and 5 species (0.43%) (Table 1).

Table 1. Diversity of plant species composition in the Song Hinh - Tay Hoa
protection forests

No. Plant group
(Division) Families Genera Species Proportion of

species (%)

1 Lycophytes
(Lycopodiophyta) 2 2 5 0.43

2 Ferns
(Polypodiophyta) 23 39 58 4.99

3 Gymnosperms
(Pinophyta) 3 5 10 0.86

4 Angiosperms
(Magnoliophyta) 147 633 1090 93.72

Total 175 679 1163 100

Among the 175 vascular plant families recorded in the Song Hinh - Tay Hoa
protection forests, several families were found to be particularly species-rich.
Euphorbiaceae contained the highest number of species (51), with highly diverse
genera such as Acalypha, Alchornea, Cleidion, Croton, Glochidion, and Phyllanthus.
Fabaceae ranked second with 49 species, represented by large genera including
Dalbergia, Erythrina, Cajanus, Millettia, Senna, and Cassia. Moraceae comprised
21 species, with remarkable diversity in the genus Ficus (14 species), in addition to
genera such as Streblus and Artocarpus. Vitaceae was represented by 20 species,
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including the genera Ampelocissus, Cissus, Leea, Tetrastigma, and Vitis. Asteraceae
accounted for 16 species, represented by genera such as Decaneuropsis,
Elephantopus, Blumea, Emilia, and Vernonia.

At the genus level, Ficus (Moraceae) was the most diverse, with 14 species
commonly encountered in tropical forests. The genus Croton (Euphorbiaceae)
followed with 9 species, encompassing trees, shrubs, and herbs that typify the
ecological adaptability of the family. Three genera - Lygodium (climbing ferns
characteristic of humid tropical habitats), Desmodium, and Bauhinia (both Fabaceae
with wide distribution and notable ecological and medicinal value) - each contained 6
species. An integrated analysis at the family and genus levels revealed an average
ratio of approximately 6.6 species per family and 1.7 species per genus.

3.2. Life-form spectrum and phytogeographical elements
The flora of the Song Hinh - Tay Hoa protection forests comprises a total of

1,163 species, classified into five life-form categories. Phanerophytes (trees and tall
shrubs) were overwhelmingly dominant, with 924 species representing 79.45% of
the total flora. Cryptophytes (species with subterranean storage organs such as roots,
rhizomes, tubers, or bulbs) ranked second with 97 species (8.34%).
Hemicryptophytes (herbaceous species with perennating buds at the soil surface)
included 68 species, accounting for 5.85%. Therophytes (annual plants) comprised
42 species (3.61%). Chamaephytes (dwarf shrubs and ground-level woody plants)
formed the smallest group with 32 species (2.75%) (Table 2).

Table 2. Life-form spectrum of the flora in the Song Hinh - Tay Hoa protection forests

Life form category Symbol Species
number

Proportion
(%)

I Phanerophytes Ph 924 79,45
1.1 Megaphanerophytes Mg 74 6,36
1.2 Mesophanerophytes Me 217 18,66
1.3 Microphanerophytes Mi 169 14,53
1.4 Nanophanerophytes Na 194 16,68
1.5 Epiphyte phanerophytes Ep 25 2,15
1.6 Herb phanerophytes Hp 96 8,25
1.7 Lianas phanerophytes Lp 145 12,47
1.8 Parasitophytes Pp 4 0,34
II Chamaephytes Ch 32 2,75
III Hemicryptophytes Hm 68 5,85
IV Cryptophytes Cr 97 8,34
V Therophytes Th 42 3,61

Total 1163 100

Analysis of the 924 phanerophyte species revealed eight subgroups.
Mesophanerophytes (medium-sized trees 8 - 30 m in height) were the most
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abundant, with 217 species (18.66% of the total flora). Nanophanerophytes (small
trees under 2 m tall) ranked second, comprising 194 species (16.68%).
Microphanerophytes (trees 2 - 8 m in height) accounted for 169 species (14.53%).
Liana phanerophytes (woody climbers) included 145 species (12.47%). Herbaceous
phanerophytes (herbaceous plants with woody characteristics) were represented by
96 species (8.25%). Megaphanerophytes (tall trees >30 m) comprised 74 species
(6.36%). Epiphytic phanerophytes (woody plants growing on other trees) accounted
for 25 species (2.15%). The rarest subgroup was parasitophytes (parasitic plants),
with only 4 species (0.34%).

Accordingly, the general life-form spectrum formula of the flora in the Song
Hinh - Tay Hoa protection forest can be expressed as:

Natural spectrum = 79.45Ph + 2.75Ch + 5.85Hm + 8.34Cr + 3.61Th (1)
For the phanerophyte group, the life-form spectrum can be expressed by the

following formula:
79.45Ph = 6.36Mg + 18.66Me + 14.53Mi + 16.68Na + 2.15Ep + 8.25Hp +

12.47Lp + 0.34Pp (2)
Overall, the data indicate that the vegetation structure in the study area is

dominated by woody species across multiple height classes, with medium-sized trees
and low shrubs forming the majority. Liana phanerophytes (woody climbers) and
herbaceous phanerophytes also contributed substantially, reflecting the structural
complexity and life-form diversity within the woody layer of the forest.

The analysis revealed that the flora of the Song Hinh - Tay Hoa protection
forests is represented by seven phytogeographical element groups (Table 3). The
species composition is concentrated predominantly in the Indo-Malesian tropical
element, which comprises 679 species, accounting for 58.38% of the total flora.
Within this group, the Southeast Asian - Malesian element was the most prominent
with 227 species (19.52%), followed by the general Asian tropical element with 139
species (11.95%), alongside sub-elements associated with India, the Himalayas,
southern China, and Indochina endemics.

The Paleotropical group included 193 species (16.60%), with the Asian -
Australian and Asian - African elements contributing 8.43% and 4.04%,
respectively. The Pantropical group was represented by 131 species (11.26%),
consisting of species with a wide distribution across the global tropics. The North
Temperate element accounted for only 38 species (3.27%), mainly belonging to the
East Asian and East Asian - North American elements.

According to Nguyen Nghia Thin’s classification of phytogeographical 
elements [20], Vietnamese endemic elements in the study area comprise 100 species
(8.60%), including 68 strict endemics confined to Vietnam (5.85%) and 32
subendemics (2.75%) occurring in Vietnam and adjacent Indochinese border areas.
Cosmopolitan elements are represented by 14 species (1.20%), while cultivated
plants constitute the smallest category, with only 8 species (0.69%).
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Table 3. Phytogeographical element groups of the flora in the Song Hinh - Tay
Hoa protection forests

No. Phytogeographical element Number of
species

Proportion
(%)

I Cosmopolitan elements 14 1.20

II Group of Pantropical elements 131 11.26

2.1 Pantropical element 74 6.36

2.2 Asian -Australian -American Tropical element 9 0.77

2.3 Asian - African - American Tropical element 23 1.98

2.4 Asian - American Tropical element 25 2.15

III Group og Paleotropical elements 193 16.60

3.1 Paleotropical element 48 4.13

3.2 Paleotropical Asia-Australian elements 98 8.43

3.3 Paleotropical Asia-Africa Elements 47 4.04

IV Groupof TropicalAsian (Indo-Malesian) Elements 679 58.38

4.1 Tropical Asian (Indo-Malesian) Element 139 11.95

4.2 Southeast Asian - Malesian Element 227 19.52

4.3 Indochinese - Indian Element 84 7.22

4.4 Indochinese - Himalayan Element 71 6.10

4.5 Indochinese - Southern Chinese Element 93 8.00

4.6 Indochinese Endemic Element 65 5.59

V Group of Northern Temperate Elements 38 3.27

5.1 Northern Temperate Element 7 0.60

5.2 EastAsian -North AmericanTemperateElement 5 0.43

5.3 Old World Temperate Element 3 0.26

5.4 Mediterranean -European-Asian TemperateElement 3 0.26

5.5 East Asian Element 20 1.72

VI Group of Vietnamese Endemic Elements 100 8.60

6.1 Vietnamese Endemic Element 68 5.85

6.2 Subendemics 32 2.75

VII Cultivated element 8 0.69

TOTAL 1163 100
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In contrast, temperate elements accounted for only a small proportion (~3%),
indicating the limited influence of temperate climate on the flora of this area, which
is strongly shaped by the tropical monsoon regime. The presence of 14
cosmopolitan species and 8 cultivated species further highlights the coexistence of
native taxa with some widely distributed or human-introduced species.

Notably, the proportion of Vietnamese endemic species is relatively high,
suggesting that the Song Hinh - Tay Hoa protection forests are an area with
significant conservation potential. The discovery of numerous species endemic or
subendemic species here reinforces the critical role of this protection forest not only
in disaster prevention but also in the conservation of Vietnam’s rare and valuable 
plant genetic resources.

3.4. Conservation status and species of high conservation value
A total of 41 plant species of conservation concern were recorded in the Song

Hinh - Tay Hoa protection forest (Table 4), of which 13 species have been assessed
by the IUCN, 33 species are listed in the Vietnam Red Data Book (VRDB 2024),
and 16 species are subject to regulation under Circular No. 27/2025/TT-BTNMT
(TT27) on endangered and rare species management.

Table 4. Conservation status and value of the flora in the Song Hinh - Tay Hoa
protected forests

No. Tên loài IUCN
2025

VRDB
2024

TT
27 No. Tên loài IUCN

2025
VRDB
2024

TT
27

1 Afzelia
xylocarpa EN EN IIA 22 Dipterocarpus

grandiflorus EN EN

2 Anoectochilus
setaceus IIA 23 Drynaria roosii EN IIA

3 Aquilaria
crassna CR EN 24 Goniothalamus

vietnamensis VU

4 Ardisia
brevicaulis VU 25 Hopea odorata VU

5 Artabotrys
tetramerus EN 26 Hydnophytum

formicarum EN

6 Calamus
poilanei VU IIA 27 Ixodonerium

annamense VU

7 Campestigma
purpurea EN 28 Mangifera

minutifolia EN

8 Chukrasia
tabularis VU 29 Markhamia

stipulata

9 Cinnadenia
paniculata VU VU 30 Melientha

suavis VU

10 Cinnamomum
parthenoxylon CR IIA 31 Myrmecodia

tuberosa EN

11 Curculigo
orchioides EN 32 Nervilia fordii EN

12 Curcuma
vitellina EN 33 Newmania

sessilanthera EN
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13 Cycas
elongata EN EN IIA 34 Parashorea

chinensis EN

14 Cycas inermis VU VU IIA 35 Parashorea
stellata VU EN

15 Cycas
micholitzii VU VU IIA 36 Pterocarpus

macrocarpus EN EN IIA

16 Cycas rumphii NT IIA 37 Rauvolfia
verticillata EN

17
Dalbergia

cochinchinens
is

CR EN IIA 38 Sindora
siamensis EN IIA

18 Dalbergia
oliveri EN EN IIA 39 Sindora

tonkinensis EN IIA

19 Dalbergia
tonkinensis VU EN IIA 40 Siphonodon

celastrineus VU

20 Diospyros
mun CR VU IIA 41 Tribulus

terrestris EN

21 Dipterocarpus
alatus VU

According to the IUCN Red List (2025), there are three Critically Endangered
(CR) species: Aquilaria crassna, Dalbergia cochinchinensis, and Diospyros mun;
eight Endangered (EN) species, including Afzelia xylocarpa and Dipterocarpus
grandiflorus; seven Vulnerable (VU) species such as Cinnadenia paniculata, Cycas
inermis, Cycas micholitzii, Dalbergia tonkinensis, Dipterocarpus alatus, Hopea
odorata, and Parashorea stellata; and one Near Threatened (NT) species (Cycas
rumphii). The remaining species have not yet been globally evaluated.

In the Vietnam Red Data Book (2024), one species is classified as Critically
Endangered (CR) (Cinnamomum parthenoxylon), 21 species are Endangered (EN), and
11 species are Vulnerable (VU). Most of the valuable timber species, including Afzelia
xylocarpa, Dalbergia spp., and Pterocarpus macrocarpus, fall into the EN category.

According to Circular No. 27/2025, 16 species is listed in Group IIA (restricted
exploitation), including several valuable timber species such as Afzelia xylocarpa,
Cycas spp., Dalbergia spp., Diospyros mun, Pterocarpus macrocarpus, and Sindora
siamensis, highlighting their high conservation priority.

4. DISCUSSION
4.1. Characteristics of flora in Song Hinh - Tay Hoa protection forest
The survey results revealed that the angiosperms (Magnoliophyta)

overwhelmingly dominated the flora of the Song Hinh - Tay Hoa protection forests,
accounting for 93.72% of the total species. This predominance reflects the global
trend in plant diversity: phylogenomic analyses indicate that flowering plants
represent at least 95% of all vascular plant species, whereas ferns, mosses, and
lycophytes contribute only a minor fraction [21]. This explains why ferns (4.99%),
gymnosperms (0.86%), and lycophytes (0.43%) play only supplementary roles in
ecosystem structure rather than serving as dominant components. Such a
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composition is consistent with the general pattern observed in tropical rainforests,
where angiosperms usually achieve absolute dominance.

Species diversity was concentrated in several large families, most notably
Euphorbiaceae (51 species) and Fabaceae (49 species). This reflects the evolutionary
success of these two families in tropical regions. Chloroplast genome studies highlight
Euphorbiaceae as one of the largest angiosperm families, with approximately 300
genera and nearly 7500 species [22]; its high diversity is supported by a wide range of
life forms (trees, shrubs, herbs, and climbers) and strong ecological adaptability.
Similarly, genomic analyses report that Fabaceae includes about 20,000 species and is
the third largest family among vascular plants, making phylogenomic studies
particularly challenging [23]. In Song Hinh - Tay Hoa protection forests, the richness
of genera such asDalbergia,Millettia, Cassia, and Senna highlights the ecological and
economic importance of this family, which provides valuable timber, contributes to
soil improvement through nitrogen fixation, and supplies food and medicinal
resources. Moraceae was represented by 21 species, with Ficus being particularly
diverse (14 species). Ficus is widely recognized as a keystone genus in tropical forests,
as its figs provide a stable fruit resource for birds, bats, and primates, thereby
sustaining frugivore populations [24]. The presence of Asteraceae, with light-
demanding species such as Blumea and Vernonia, demonstrates the adaptability of
heliophilous plants to nutrient-poor soils and disturbed habitats.

At the genus level, the study area recorded an average of 6.6 species per family
and 1.7 species per genus, indicating a relatively even distribution of species rather
than a concentration in only a few genera. The genus Croton (Euphorbiaceae) was
the most diverse with 9 species, while Lygodium, Bauhinia, and Desmodium each
contributed 6 species, reflecting the diversity of climbers and shrubs within the fern
and legume families. These calculations demonstrate that the Song Hinh - Tay Hoa
protection forests supports a structurally diverse vegetation composition, combining
large trees, shrubs, climbers, and herbaceous plants to form the multilayered
ecosystem typical of tropical rainforests.

Thus, the flora of Song Hinh - Tay Hoa protection forests not only mirrors the
global evolutionary trend of plant diversity (the dominance of angiosperms) but also
represents a microcosm of the Indochinese - Malesian tropical rainforest, where
many large families converge to create exceptional diversity. The presence of
species-rich families and keystone genera such as Ficus underscores the ecological
and conservation significance of the area: these taxa provide food, timber, non-
timber forest products, and vital ecosystem services for both wildlife and local
communities. At the same time, although ferns, gymnosperms, and lycophytes
account for only a small proportion of the flora, they nevertheless contribute to
maintaining the evolutionary integrity of the plant community. These findings
strongly recommend strengthening forest protection and restoration efforts to sustain
both high species richness and complex ecological structure - a valuable resource for
scientific research, medicine, and sustainable development.
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4.2. The life-form spectrum characteristics
The plant life-form spectrum is an essential ecological indicator, reflecting the

relative contribution of different life-form groups to plant communities and their
relationships with the environment, thereby allowing the characterization of
ecosystem climate types [25, 26]. At the same time, the life-form spectrum illustrates
how plant communities are shaped by the survival strategies of individual species in
response to climatic and edaphic conditions [27]. In many specific studies, the life-
form spectrum is not only a tool for classification but also a useful indicator for
monitoring ecological change, comparing plant communities, and applying
biodiversity conservation strategies [28, 29]. The results from the Song Hinh - Tay
Hoa protection forests show a strong bias toward phanerophytes, indicating that the
community is influenced by a phanerophytic climate (humid, warm, and forested),
consistent with Raunkiaer’s assertion that a high proportion of phanerophytes 
reflects rainforest or evergreen forest conditions [19]. This distribution pattern
clearly demonstrates the predominance of woody life forms in the community
structure compared with other life-form categories, reflecting the ecological
characteristics of tropical evergreen forests, where phanerophytes typically
dominate. To identify similarities and differences with other floristic systems in
Vietnam, the flora of the Song Hinh - Tay Hoa protected forests was compared with
that of several other regions in the country (Table 5).
Table 5. Comparison of the plant life-form spectrum between flora of the Song Hinh

- Tay Hoa protection forests and selected regions in Vietnam

No. Floristic region Ph % Ch % Hm% Cr % Th%
1 Song Hinh - Tay Hoa 79,45 2,75 5,85 8,34 3,61
2 Phia Oac - Phia Den [30] 53.71 7.76 18.93 13.09 6.51
3 Pu Luong [31] 83.62 8.50 2.88 1.78 3.22
4 Dak Nong (Krong No) [32] 85.50 2.87 1.64 2.87 7.12
5 Song Thanh [33] 82.20 1.83 4.32 5.76 5.89
6 Tan Phu (Dong Nai) [34] 76.64 4.13 2.63 8.53 8.07
7 Bach Ma [33] 75.71 5.78 4.83 10.23 3.45

Comparison of the life-form spectrum of flora of the Song Hinh - Tay Hoa
protection forests with other regions reveals both similarities and notable differences.
The proportion of phanerophytes at Song Hinh - Tay Hoa reached 79.45%, higher than
in Bach Ma (75.71%) and Tan Phu (76.64%), but lower than in Pu Luong (83.62%),
Song Thanh (82.20%), and Dak Nong (85.50%). This indicates that the Song Hinh -
Tay Hoa protection forests retain the characteristics of a humid tropical forest
dominated by woody species, though its canopy coverage and structural stability
appear somewhat lower than in primary forests such as Pu Luong or Song Thanh.

Regarding other life-form groups, cryptophytes accounted for 8.34% at Song
Hinh - Tay Hoa protection forests, a value comparable to Tan Phu (8.53%) and
slightly lower than Bach Ma (10.23%), reflecting the persistence of subterranean-bud
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species under seasonal drought and disturbed conditions. In contrast,
hemicryptophytes made up only 5.85%, far lower than the extremely high level in Phia
Oac - Phia Den (78.93%), underscoring the climatic and topographic differences
between lowland tropical and high-altitude subtropical ecosystems. Therophytes at
Song Hinh - Tay Hoa protection forests (3.61%) were fewer than in Tan Phu (8.07%)
and Dak Nong (7.11%), suggesting that disturbance and grassland expansion are less
severe than in areas subject to stronger anthropogenic impacts.

Overall, the life-form spectrum of Song Hinh - Tay Hoa protection forests
represents an intermediate profile: it preserves the tropical rainforest signature
dominated by phanerophytes, yet shows an increase in cryptophytes and therophytes,
reflecting the influence of ecological conditions and certain human activities. This
pattern differs from both more stable primary forests and the distinctive high-altitude
ecosystems. These findings are consistent with studies in semi-evergreen forests of
Cameroon, where phanerophytes - particularly mesophanerophytes - dominate in
both logged and primary forests [35]. By contrast, studies in semi-arid or heavily
disturbed regions, such as the Chichawatni plantations and the vegetation of Bin
Dara - Dir (Pakistan), found therophytes to be dominant (44 - 50%) and
phanerophytes to account for only 12 - 19%, with the dominance of therophytes
explained by grazing pressure, cultivation, and arid climates [26]. Such comparisons
affirm that the Song Hinh - Tay Hoa protection forests is relatively undisturbed and
situated within a warm, humid climatic regime.

Flora of the Song Hinh - Tay Hoa protection forests exhibits a high proportion
of mesophanerophytes, alongside a substantial presence of micro- and
nanophanerophytes, liana phanerophytes, and herbaceous phanerophytes. This
pattern reflects a multilayered canopy structure formed by an intermix of mid-sized
trees, tall shrubs, small trees, woody climbers, and herbaceous-woody life forms.
The occurrence of 25 epiphytic phanerophyte species (2.71%) and 4 parasitophyte
(parasitic plant) species (0.43%) indicates humid microclimates and the persistence
of specialised microhabitats. The proportion of megaphanerophytes (8.01%) is lower
than that of mesophanerophytes, suggesting an intermediate successional stage with
few emergent giants, consistent with a history of limited logging. Studies in
Cameroon show that mesophanerophytes tend to increase in logged forests due to
canopy opening and the reduction of large trees, whereas in primary forests, micro-
and nanophanerophytes maintain higher proportions [35].

Research in the Carpathians (Romania) further indicates that cryptophytes
concentrate in moist, fertile soils [36]; their presence at Song Hinh - Tay Hoa
protection forests may therefore reflect leaf-fall gaps or humid alluvial benches along
streams. Although cryptophytes comprise only 8.34% of the flora, this exceeds the
6% value of the Raunkiær “normal spectrum” [19], implying the persistence of
rhizomatous or geophytic species adapted to a short dry season. The very low
proportions of hemicryptophytes (5.85%) and chamaephytes (2.75%) indicate that
the study area is not a cold, high-mountain environment; this is consistent with
Carpathian patterns in which phanerophytes are confined to mid-elevations, while
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hemicryptophytes and chamaephytes dominate the colder uplands [36] Therophytes
account for only 3.61%; numerous studies have shown therophytes to be prevalent in
strongly disturbed or semi-arid settings [26, 37] .

In temperate grasslands, hemicryptophytes typically predominate; for example,
a study of restored grasslands in Ukraine reported hemicryptophytes at 58.8% and
therophytes at 18.6% [38]. In semi-arid plantation forests such as Chichawatni,
therophytes account for 44% and hemicryptophytes 31%, reflecting adaptive
strategies to semi-arid climates and short dry - wet cycles [37]. Studies in
Mediterranean mountain regions likewise show hemicryptophytes and
Chamaephytes as the principal groups, whereas phanerophytes comprise only 12.4%
and are concentrated at mid-elevations [39]. In contrast with these regions, the Song
Hinh - Tay Hoa protection forests community is clearly a humid tropical forest
ecosystem characterized by a strongly developed woody vegetation layer.

A phanerophyte-rich life-form spectrum indicates that the Sông Hinh - Tay Hoa
protection forests are humid tropical forest ecosystems in a relatively stable, minimally
degraded state. Detailed analysis of the 924 phanerophyte species reveals a diverse
height and growth-form structure. Mesophanerophytes (8 - 30m) constitute 23.48% of
phanerophytes; nanophanerophytes (0.25 - 2 m) 21.00%; and microphanerophytes (2 -
8m) 18.29%. The comparable representation of these three classes reflects a
multilayered stand with co-developed upper canopy, mid-story, and shrub strata. Liana
phanerophytes account for 15.69%, evidencing dense canopies and intense light
competition; lianas are typical of humid tropical forests, where they use woody stems as
supports to reach the canopy. Herbaceous phanerophytes (10.39%) - herbaceous species
with woody tendencies - suggest an understorey rich in perennial herbs and likely
influenced by small canopy gaps. Epiphytic (2.71%) and parasitic phanerophytes
(0.43%) are fewer, but their presence confirms high atmospheric humidity and a
complex forest architecture; epiphytes are characteristic of moist environments.

Multiple studies warn that anthropogenic pressures (tourism, logging,
agricultural expansion) can depress phanerophyte abundance while increasing
therophytes [26, 36]. Accordingly, maintaining forest cover, restricting felling, and
controlling wildfires are essential to conserve the phanerophytic structure. The
occurrence of cryptophytes and epiphytes points to microclimatic heterogeneity;
micro-scale management is needed to safeguard specialised habitats such as humid
riparian benches, host trees for epiphytes, and substrates exploited by parasitic
species. Finally, repeated monitoring of the life-form spectrum over time will
provide a sensitive indicator of climate change and human impacts, thereby
supporting adaptive, sustainable forest management.

4.3. Floristic phytogeographical characteristics
Overall, the flora of the Song Hinh - Tay Hoa protection forests bear the

characteristic signature of the Asian tropical (Indo-Malesian) realm, while also
exhibiting overlap with Paleotropical and Pantropical elements. This diversity
reflects the unique biogeographical transition of south-central Vietnam, where
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multiple centers of plant diversification intersect. Collectively, these results highlight
the area’s high conservation value in the context of ongoing climate change and the 
current trajectory of biodiversity loss.

Comparing the phytogeographical origin of the Song Hinh - Tay Hoa
protection forests with the general pattern of the flora of Vietnam and adjacent
regions clearly underscores its strongly tropical character. At the national, genus-
level scale, recent studies indicate that tropical elements (Pantropical, Paleotropical,
and Indo-Malesian) comprise 76.10% of Vietnam’s genera, whereas temperate 
elements account for only 20.03% [20]. In Song Hinh - Tay Hoa protection forests,
when the three tropical groups (Pantropical, Paleotropical, and Indo-Malesian) are
combined, the proportion reaches 86.24% at the species level, while temperate
elements constitute only 3.27% - a profile that is more tropical and markedly less
temperate than the national average, indicating a distinctly tropical affinity.
Moreover, the proportions of the East Asian - North American and East Asian
elements in the flora of Vietnam (2.83% and 5.85%, respectively) [40] exceed the
share of temperate species in Song Hinh - Tay Hoa protection forests (3.27%),
reflecting a stronger temperate influence at higher latitudes.

In terms of endemism, statistics from the Dutch Ministry of Agriculture indicate
that Vietnam harbors more than 15,900 plant species, about 10% of which are endemic
to the country [41]. At Song Hinh - Tay Hoa protection forests, approximately 100
species endemic to Vietnam were recorded (8.60%), a figure close to the national
average. However, the proportions of subendemics (2.75%) and Indochinese Endemic
Element (5.59%) remain comparatively high, underscoring the conservation value of
this protection forest. A study of the ginger family (Zingiberaceae) in Pu Mat National
Park reported that 47.92% of species belong to the endemic element, 45.83% to the
tropical element, and only 2.08% to the temperate element, which - although limited to
a single family - points to very high endemism in the North-Central region. By
comparison, the Song Hinh - Tay Hoa protection forests show a lower overall
endemism (8.60%) but a higher share of the Indo-Malesian element (58.38%),
reflecting the diversity characteristic of the Indochina - Malesia transition zone [42].

At the genus level in neighboring countries, tropical elements account for
82.30% in Laos and 72.52% in Myanmar, while temperate elements represent
13.26% and 22.75%, respectively [40]. This pattern indicates a gradual shift from
more temperate floras in the north (Myanmar, Yunnan) to increasingly Asian-
tropical floras toward the east and south (Laos, Vietnam). The life-form spectrum at
Song Hinh - Tay Hoa protection forests - with temperate elements constituting only
3.27% and tropical elements predominating - accords with this biogeographical
gradient.

Taken together, these comparisons show that the Song Hinh - Tay Hoa
protection forests bear the typical imprint of an Asian tropical flora, paralleling but
in some respects exceeding the national and Indochinese trends. Although its
endemism rate is lower than in some sites such as Pu Mat, the coexistence of
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numerous endemic and near-endemic taxa with a dominant Indo-Malesian
component identifies Song Hinh - Tay Hoa as a biodiversity hotspot that warrants
priority conservation.

The overwhelming concentration of species within the Indo-Malesian tropical
element reflects the distinct humid tropical character of the region and its close
floristic affinities with the Southeast Asian - Malesian flora. As this area represents a
transitional zone among three major floristic regions (Indochinese, Southern
Chinese, and Malesian), the diversity of Indochinese - Indian, Indochinese -
Himalayan, and Indochinese - Southern Chinese elements is to be expected. This
highlights the strong biogeographical convergence of species diversity centers across
Indochina, South Asia, and the Himalayan region.

The relatively high proportion of Paleotropical elements is attributable to the
presence of many species with historically wide distributions across the ancient
tropical continents (Asian - Australian and Asian - African elements). These taxa not
only enrich the biodiversity of the area but also indicate historical connections between
Song Hinh - Tay Hoa protection forests and ancient rainforest communities. The
Pantropical group, with over 11% of the species, reflects a broader geographical
openness; many species in this group are widely distributed across the global tropics,
demonstrating ecological adaptability and playing important roles in maintaining
community structure.

4.4. Conservation values of the flora
The results indicate that the Song Hinh - Tay Hoa protection forests harbor a

concentration of rare and threatened plant species in Vietnam, underscoring its
importance for biodiversity conservation. Most notable are high-value timber trees
such as Afzelia xylocarpa and Dalbergia cochinchinensis. Afzelia xylocarpa yields
prized timber and has been “extensively harvested in the wild”; the species is now 
scarce, with timber available only “in small quantities” and “large trees difficult to 
find,” resulting in an EN status under both the IUCN Red List and the Vietnam Red 
Data Book. Dalbergia cochinchinensis, together with D. oliveri and D. tonkinensis,
is likewise classified as EN or CR by both IUCN and the Vietnam Red Data Book,
attesting to persistent logging pressure in the region.

Several non-timber forest product species are also severely threatened.
Aquilaria crassna (agarwood) is exploited for resinous heartwood; harvesting
infected timber has “reduced populations in Vietnam by over 80%,” leading to a CR 
listing by IUCN. Calamus poilanei, a climbing rattan, is “over-exploited throughout
its range,” with populations “heavily depleted.” Curculigo orchioides, an important
medicinal species in traditional medicine, is considered a “threatened medicinal 
plant” due to unsustainable collection of roots and rhizomes. Even Cinnamomum
parthenoxylon - valued for essential oils and camphor - although listed as Data
Deficient by IUCN, is assessed in Vietnam as Critically Endangered because of
intensive root extraction. In addition, the occurrence of endemic ferns (such as
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Drynaria roosii) and orchids such as Pholidota guibertiae, Coelogyne mooreana)
indicates that the forest also provides habitat for many endemic taxa.

Overall, the combination of high species richness and elevated threat levels
confirms the exceptional conservation value of the Song Hinh - Tay Hoa protection
forests. Beyond supplying valuable timber and non-timber products, the area
safeguards genetic resources of numerous endemic and medicinal species.
Accordingly, in addition to strict monitoring of extraction activities under Decree
No. 84/2021, there is a critical need to expand research, ex situ propagation, and
restoration of threatened taxa, while strengthening community awareness of the role
of protection forests in biodiversity conservation and sustainable livelihoods.

5. CONCLUTIONS
1. The flora of the Song Hinh - Tay Hoa protection forest is highly diverse,

comprising 1163 vascular plant species distributed across 4 divisions, 175 families,
and 679 genera. Angiosperms predominate (93.7%), typifying a tropical forest
ecosystem. Species-rich families include Euphorbiaceae, Fabaceae, and Moraceae,
with the genus Ficus particularly diverse, collectively shaping a structurally
heterogeneous habitat.

2. The life-form spectrum is strongly skewed toward phanerophytes (79.45%),
especially mesophanerophytes and nanophanerophytes, indicating a warm, humid
climate and a closed-forest physiognomy. Phytogeographically, species are
overwhelmingly Indo-Malesian (58.38%), reflecting the region’s humid tropical 
character and its role as a key biogeographical transition zone among major floras.

3. The study recorded 41 plant species of high conservation value, including
numerous threatened, rare, and precious taxa listed by the IUCN Red List and the
Vietnam Red Data Book, as well as species regulated under Circular No. 27/2025.
The presence of economically valuable timber trees and important medicinal plants
that are severely threatened by overexploitation underscores the exceptional
conservation significance of the Song Hinh - Tay Hoa protection forests for
safeguarding plant genetic resources.

4. A phanerophyte-rich life-form spectrum indicates a relatively stable,
minimally degraded humid forest ecosystem - comparable to primary forests yet still
influenced to some extent by ecological and anthropogenic factors. The breadth of
phytogeographical elements and a relatively high level of endemism identify the area
as a tropical Asian biodiversity hotspot warranting conservation priority.
Maintaining forest cover, restricting extraction, and monitoring the life-form
spectrum are essential for sustainable forest management and adaptation to climate
change.
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