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Introduction

Abstract

Understanding spatial variation in avian diversity across habitat types is
essential for effective conservation planning in tropical protected areas. This
study provides the first habitat-explicit, landscape-scale assessment of bird
diversity in Bai Tu Long National Park, northeastern Vietnam, based on
systematic surveys conducted across eight major habitat types. Using
presence-absence data combined with species accumulation analysis
(Chao2), Jaccard similarity, and habitat-specific species occurrence, we
documented 161 bird species belonging to 52 families and 16 orders, with
high sampling completeness (S_obs/Chao2 = 0.97). Species richness varied
markedly among habitats, with evergreen broadleaf forest on soil mountains
(E1) supporting the highest richness and the greatest number of habitat-
restricted species, followed by evergreen broadleaf forest on limestone
mountains (E2) and agricultural land (E8). In contrast, coastal and marine-
associated habitats, including mangrove forests (E3), karst lagoons within
limestone mountains (E6), coral reefs (E4), and seagrass beds (ES5),
supported fewer species but contributed distinct assemblages characteristic
of open or aquatic environments. Jaccard similarity analysis revealed strong
compositional differentiation between forest and non-forest habitats,
indicating high beta diversity driven by habitat heterogeneity. Notably, 17
recorded species are of conservation concern according to the Vietnam Red
Data Book, the IUCN Red List, and Circular No. 27/2025/TT-BNNMT of
the Ministry of Agriculture and Environment. These findings demonstrate
that structurally complex forest habitats function as primary reservoirs of
avian diversity, while coastal habitats provide complementary ecological
contributions that enhance landscape-level biodiversity. The study provides
an important baseline for long-term biodiversity monitoring. It highlights the
importance of habitat-based, multihabitat conservation strategies for tropical
coastal protected areas located along the East Asian-Australasian Flyway.
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Vietnam is widely recognized as one of the most
biodiverse countries in  Southeast Asia,
encompassing a broad spectrum of ecosystems
that extend from mountainous and upland regions
to coastal and island environments (Sterling &
Hurley, 2005). Among vertebrates,  birds are
among the most species-rich groups and play
particularly important ecological roles. To date,
approximately 900 bird species have been
recorded in Vietnam, many of which are of high
conservation concern, including rare, endemic,
and nationally or globally threatened species (Le,
2020; Nguyen et al., 2000). Birds contribute
substantially to all four major categories of
ecosystem  services-provisioning,  regulating,

supporting, and cultural services-through their
involvement in key ecological processes, such as
pollination, seed dispersal, biological pest control,
and carcass decomposition, thereby promoting
ecosystem stability and nutrient cycling
(Sekercioglu, 2006; Wenny et al., 2011; Whelan et
al., 2008). Owing to their rapid and measurable
responses to environmental change, birds are
widely regarded as reliable bioindicators of
ecosystem conditions and ecological trends.
Consequently, studies of avian diversity and
distribution are fundamental for assessing
ecosystem status and for informing effective,
evidence-based conservation strategies (Durairaj
et al., 2017, Priyanka et al., 2021).
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Avian community composition and diversity are
commonly investigated via standardized field
survey methods combined with community-
level analytical approaches. Techniques such as
point counts and line transects are widely used
to document the occurrence of bird species
across a range of habitat types (Bibby et al.,
2000). The resulting datasets are typically used
to quantify species richness, construct species
accumulation curves, and evaluate sampling
completeness via nonparametric estimators such
as Chao2 and first-order jackknife, which are
particularly suitable for assemblages dominated
by rare or low-detectability species (Gotelli &
Colwell, 2001). Differences in species
composition among habitats are often assessed
using similarity indices, such as the Jaccard
index, which allow researchers to examine
patterns of beta diversity and evaluate the role
of habitat heterogeneity in structuring avian
communities (Baselga, 2010). However, despite
the widespread application of these methods,
habitat-explicit, landscape-scale comparisons
that integrate terrestrial, wetland, and coastal-
marine ecosystems within a single protected
area remain scarce, particularly in tropical
island-coastal systems.

Bai Tu Long National Park, established in 2001
from the former Ba Mun Nature Reserve, is
located in Quang Ninh Province within the core
area of Bai Tu Long Bay and covers more than
15,700 ha, including 9,658 ha of terrestrial land
and limestone islands and 6,051 ha of nearshore
marine waters, representing three principal

ecosystem types: terrestrial, wetland, and
coastal-marine systems (Beharrell & Ryder,
2004).  This  pronounced environmental

heterogeneity supports a diverse range of habitat
types, including evergreen forests on limestone
islands, mangrove forests, intertidal mudflats,
and coastal wetlands, and contributed to the
park’s designation as the 38th ASEAN Heritage
Park in 2017 due to its high biodiversity value
and distinctive karst landscape (Nguyen et al.,
2025). At the provincial scale, a recent report
documented 318 bird species in Quang Ninh
Province, with species richness reported for
several administrative units, including Quang
Yen (143 species), Ha Long (118), Tien Yen
(152), Dam Ha (130), Binh Lieu (129), Hai Ha

(129), Mong Cai (145), and Co To (114);
however, no data were available for Van Don
District, where Bai Tu Long National Park is
located, and the report provided only aggregated
species counts without detailed checklists,
limiting ecological interpretation. The same
report also emphasized the need for systematic
surveys covering both major migratory seasons
(Quang Ninh Provincial Department of Natural
Resources and Environment, 2023). Located
along the East Asian—Australasian Flyway, Bai
Tu Long National Park is expected to function
as an important stopover site for migratory birds
due to the availability of diverse habitats and
seasonal food resources (Beharrell & Ryder,
2004). Nevertheless, previous studies have
largely focused on general species inventories or
individual habitat types, providing limited
understanding of how avian species richness,
community composition, and habitat-restricted
species are structured across the park’s
heterogeneous landscape. Given the strong
environmental gradients associated with island
geomorphology, vegetation structure, and
anthropogenic  disturbance, a habitat-based
assessment of avian assemblages is therefore
required to clarify patterns of community
organization and to support evidence-based
conservation planning. Addressing these gaps,
the present study conducted standardized surveys
across the principal migratory periods and major
habitat types, providing the first comprehensive
evaluation of habitat-associated patterns of avian
diversity in Bai Tu Long National Park.

Assessing variation in bird species richness and
compositional similarity among habitats is a
critical approach in biodiversity research and
ecosystem management. Habitats within the
same landscape often differ markedly in
vegetation structure, canopy cover, resource
availability, and environmental conditions,
leading to pronounced differences in avian
assemblages. The combined use of species
richness (S) as a measure of habitat-level
diversity and the Jaccard similarity index (J) to
quantify compositional overlap among habitats
provides an effective framework for identifying
diversity patterns and ecological relationships
within avian communities (Chung et al., 2019).
In this study, we apply this framework in a
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habitat-explicit manner to provide the first
comparative assessment of avian species
richness, beta diversity, and habitat-restricted
species across the full spectrum of major
habitat types in Bai Tu Long National Park. By
doing so, we aim to identify habitats with
disproportionate conservation value and to
generate habitat-based evidence that can
directly inform landscape-level conservation
strategies for both resident and migratory bird

species, thereby enhancing the long-term
resilience and functioning of regional
ecosystems.

Materials and Methods

Study Area

The study was conducted in Bai Tu Long
National Park, located between 20°55'05" and
21°15'10" N latitude and 107°30'10" to
107°46'20" E longitude. Administratively, the
park lies within Ha Long, Minh Chau, and Van
Yen communes of Van Don District, Quang
Ninh Province, which is currently part of the
Van Don Special Administrative Zone, Quang
Ninh Province.

e BAI TL l%
» AL LQ\ AL BARK'~
l
% E
/"'/f/ N 4
o i/ Mo /
h & o RS g |
& " Ay |
o | THAILAND S 4 1 i i
£ 4 ! -._: \ /:‘ e
- PP
) : EASTSEA o e A Y
CAMBODIA ‘3 ‘./ l/‘/ ,,_:}
o 1| rt /
s . N &
amesme, [ | £ N
\...\‘ \l
'\"'\..-/

Figure 1. Location of the study area

The study area lies in the East Asian-
Australasian Flyway, and avian assemblages in
Bai Tu Long National Park therefore exhibit
pronounced seasonal variation. Resident
species and local breeders are most active
during the warm season, with the breeding
period extending roughly from March to
August and peaking between April and June.
Breeding migrants primarily occur in spring-
summer, whereas wintering migrants are most
abundant from October to March. Passage
migrants are concentrated during the spring
(March—-May) and autumn (September—

November) migration windows. Consequently,
species  presence and  habitat-specific
abundances are expected to vary substantially
over the annual cycle.

Survey Period

Between November 2024 and November 2025,
four field surveys were conducted, each
comprising about 20 survey days. The survey
periods were as follows: Survey 1 from 18
November 2024 to 04 December 2024 (17
days); Survey 2 from 5 March 2025 to 24 March
2025 (20 days); Survey 3 from 1 June 2025 to
20 June 2025 (20 days); and Survey 4 from 20
October 2025 to 8 November 2025 (20 days).
During each survey period, all major habitat
types within Bai Tu Long National Park were
systematically monitored to record the
occurrence of bird species.

Basis for Habitat Classification

Habitat classification in Bai Tu Long National
Park was conducted using an integrative
physiognomic-ecological framework, in which
habitat units were delineated based on relatively
homogeneous abiotic environmental conditions
and associated biotic communities, particularly
vegetation structure and  composition
(Dimitrakopoulos & Troumbis, 2019).

Abiotic determinants included:

(1) Geomorphological and substrate conditions:

habitats occurring on terrestrial soil-based
islands, limestone karst islands, and marine
environments;

(i) Microclimatic  variables: temperature
regime, relative humidity, light availability, and
precipitation;

(ii1)) Edaphic characteristics:
pedogenetic conditions.

soil types and

Vegetation was classified according to
physiognomy and land-cover attributes, including:

(1) Vegetation formations: closed evergreen
forest, grassland, shrubland, and cultivated
vegetation (including plantation forests and
agricultural land);

(i1) Anthropogenic disturbance gradients: ranging
from low to high levels of human influence.

https://jtse.tapchikhcnnd. mod.gov.vn
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Based on this classification framework, eight
major habitat types (E1-E8) were identified
before field surveys and used consistently for

survey design, field data recording, and
subsequent analyses.

Bird Surveys

Surveys were conducted across all eight

predefined habitat types (E1-E8) during four
field campaigns from November 2024 to
November 2025, each lasting 17-20 consecutive
days and covering major seasonal phases of the
annual cycle. Surveys were implemented across
all eight habitat types (EI1-E8) using a
combination of line transects along existing
patrol routes and opportunistic observations to
maximize detection across heterogeneous
environments. Surveys were carried out along
patrol routes on major islands, including Minh
Chau, Ba Mun, Cai Lim, Tra Ban, and Tra Ngo.
Transects followed established forest trails,
coastal paths, and accessible shoreline sections.

The total survey distance was estimated at
approximately 480 km across all campaigns,
with a mean daily transect length of about 6
km. These estimates are consistent with the
total survey duration and daily sampling
intensity across field campaigns.

Observations were conducted primarily during
two daily periods: early morning, from sunrise
(05:00 in summer and 06:00 in winter) until
12:00 and late afternoon, from 15:00 until
sunset (17:30 in summer and 17:00 in winter).
Nocturnal surveys were additionally conducted
between 20:00 and 24:00 to detect nocturnal
bird species. The effective observation time
averaged approximately 7—8 hours per day per
observer, with total observer-hours reflecting
cumulative effort across multiple observers.

Sampling effort was estimated based on daily
survey duration, transect length, and proportional
time allocation across habitats, derived from field
logs and post-survey standardization.

Table 1. Estimated sampling effort across habitat types in Bai Tu Long National Park

Habitats Number of Estimated transect Observer- Relative effort
survey day* length (km) hours by time (%)

Pl s
on lmestone mountains (£2) N 150 300 250
Mangrove forest (E3) 35 60 150 12.5
Coral reef (E4) 15 15 50 4.2
Seagrass beds (ES) 12 10 40 33
mountains (Tung. Ang systomy (£6) 18 20 0 50
Intertidal flats (E7) 30 45 120 10.0
Agricultural land (E8) 28 20 60 5.0
Total 480 1200 100

*Note: Survey days are not mutually exclusive, as multiple habitat types were often surveyed within the same day.

A summary of estimated sampling effort across
habitat types is provided in Table 1. Survey effort
was unevenly distributed, with forest habitats (E1
and E2) receiving the highest proportion of effort
due to their larger spatial extent and accessibility.

In contrast, marine-associated habitats (E4—E6)
received comparatively lower effort. This
variation in sampling intensity should be taken
into account when interpreting differences in
species richness among habitats.
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The birds were observed via Nikon 10x42
binoculars and photographed with a Nikon D5
camera equipped with a 500 mm lens and a 1.5%
teleconverter.  Species  identification and
conservation were performed according to the
Birds of Vietnam (Nguyen et al., 2000), the
Birds of Vietnam (Le, 2020), and the Guide to

the Birds of Southeast Asia (Styring, 2001).
Data and Statistical Analysis

The bird occurrence data were recorded in
binary format (1 = presence, 0 = absence) for
each species across habitats.

Unique species analysis was conducted as follows.

A species was considered unique if it was
recorded in only one habitat type. The number
of unique species per habitat was used to assess
habitat specialization and conservation value
(Colwell et al., 1994).

Species richness estimation.

Sampling completeness was evaluated via the
Chao2 estimator:

2
Schao2= Sobs + % (1)

where:

Sobs: observed species richness.

Q1: species occurring in only one habitat.

Qa2: species occurring in exactly two habitats.

Species richness (S) was defined as the total
number of species recorded per habitat.

Species similarity between habitats was
quantified via the Jaccard index:

- a

J_(JL+b+c (2)
where:

a: species shared by both habitats.
b: species unique to Habitat 1.

c: species unique to Habitat 2.

All analyses were conducted in R via the following
packages: vegan, pheatmap, and tidyverse.

Results

Habitat Characterization of Bai Tu Long
National Park

The eight habitat types defined in Section 2.3
are heterogeneously distributed across Bai Tu
Long National Park (Figure 2; Table 2).
Evergreen broadleaf forest on soil mountains
(E1) and Evergreen broadleaf forest on
limestone mountains (E2) dominated in terms
of spatial extent, covering 4,272 ha and 1,370
ha, respectively. These habitats were primarily
distributed on Ba Mun Island, the Sau Island
complex, and the northern part of Tra Ngo
Island. In contrast, coastal and marine-
associated habitats, including mangrove forests
(E3), coral reefs (E4), seagrass beds (E5), karst
lagoons within limestone mountains (E6), and
intertidal flats (E7), occurred in smaller and
more spatially fragmented patches but are
recognized  as functionally important
components of coastal ecosystem dynamics.
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Figure 2. Spatial distribution of habitat types in Bai Tu
Long National Park
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Table 2. Habitat types in Bai Tu Long National Park

Habitat

Description

Area (ha)

Evergreen broadleaf forest on
soil mountains (E1)

Evergreen broadleaf forest on
limestone mountains (E2)

Mangrove forest (E3)

Coral reef (E4)

Seagrass beds (E5)

Karst lagoons within
limestone mountains (Tung-—
Ang system) (E6)

Intertidal flats (E7)

Agricultural land (E8)

This habitat occupies the largest area of terrestrial islands and is defined
by soil-based substrates with minimal limestone exposure, supporting
well-developed evergreen broadleaf forests. Vegetation is dominated by
taxa from Fagaceae, Lauraceae, Malvaceae, Myrtaceae, and other native
tree families, including several rare plant species. The habitat is
characterized by complex vertical stratification, closed canopies, and
high structural heterogeneity, typical of mature island forests with
relatively stable edaphic and hydrological conditions.

This habitat is delineated by exposed karst substrates and steep limestone
formations, where vegetation is adapted to shallow soils, high drainage,
and seasonal drought stress. Dominant plant groups include Moraceae,
limestone-adapted Dracaena populations, and Cycad species that
colonize rock crevices and cliffs. The ecosystem is characterized by
rugged karst topography, caves, sinkholes, and pronounced microhabitat
heterogeneity, resulting in floristic and structural characteristics distinct
from those of soil-based forests.

Mangrove forests are classified based on tidal inundation, salinity, and
the dominance of halophytic woody vegetation typical of northeastern
Vietnam. Covering approximately 100 ha, this habitat is distributed
across sheltered bays and lagoons, including Cai Quyt, Lo Ho, Soi Nhu,
O Lon, Cai De, and Cai Lim. Mangroves form structurally simplified but
highly productive ecosystems, functioning as breeding and nursery
grounds for aquatic fauna and providing important foraging and roosting
habitats for terrestrial and semiaquatic birds.

Coral reef habitats are defined by subtidal hard substrates dominated by
scleractinian corals and associated reef organisms. In Bai Tu Long Bay, reefs
occur primarily as island-fringing systems exposed to waves and currents,
resulting in rugged seabed topography with limited reef zonation. Reef width
typically ranges from 25 to 150 m and habitats are characterized by strong
marine influence and minimal terrestrial vegetation.

Seagrass habitats are classified based on the presence of subtidal or
shallow intertidal sandy—muddy substrates colonized by marine
angiosperms. These habitats are scattered across Chuong Di, Mang River,
Lo Ho Bay, Cai De Bay, Tra Than Bay, and Ong Tich Lagoon, totaling
approximately 10 ha. Vegetation is dominated by monocotyledonous
species of the order Alismatales, forming low-canopy submerged habitats
of high ecological importance for coastal food webs.

This habitat type is uniquely characteristic of Bai Tu Long National Park
and consists of enclosed limestone valleys partially inundated by seawater,
such as Cai De lagoon. Water exchange with surrounding marine areas
occurs only through narrow crevices or subterranean channels, creating
hydrologically restricted and environmentally isolated systems. These
conditions support relict and endemic flora and fauna. The park contains
seven “tung” and ten “ang” systems concentrated on islands such as Tra
Ngo Lon, Tra Ngo Nho, Cai Lim, Mang Ha, Soi Nhu, and Da Ay.

Intertidal flats are delineated by regular tidal exposure and inundation
and occur on sandy or rocky substrates around islands and island
clusters. This habitat is characterized by high temporal variability in
moisture and salinity and provides essential feeding grounds for
shorebirds and other coastal species during low tide.

Agricultural land is classified based on human-modified vegetation and
land-use patterns, occurring primarily on Minh Chau Island. This
habitat consists of crop fields interspersed with rural settlements and
represents a semi-natural matrix habitat influenced by both
anthropogenic activities and surrounding natural ecosystems.

4272
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65

1506

351
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The spatial configuration of habitat types
reflects pronounced geomorphological
heterogeneity associated with soil-based islands,
limestone karst islands, and intertidal systems,
as well as variation in key abiotic drivers such
as elevation, lithological substrate, and tidal
influence. The relatively large extent of E1 and
E2 indicates the structural dominance of
terrestrial ~ forest ecosystems in  shaping
landscape configuration, whereas coastal and
lagoon-associated habitats (E3—E7) contribute
important ecological functions related to
nutrient cycling, primary productivity, and
trophic support for marine-associated taxa. The
diversity of vegetation formations and variation
in vertical structural complexity provide
heterogeneous ecological niches that can
support differences in avian species composition
among habitat types. Furthermore, spatial
connectivity between extensive forest patches
(E1, E2) and smaller coastal habitats may
influence dispersal processes and the spatial
organization of bird assemblages. In contrast,
anthropogenic pressures affecting coastal habitats
may reduce the availability of key resources for
migratory and wintering species.

Habitat-Specific Patterns of Bird Species Richness

Across the eight habitat types, a total of 161 bird
species belonging to 52 families and 16 orders
were recorded (see Table S1). Species richness
estimation using the Chao2 index indicated high
sampling completeness, with observed richness
representing 97% of the estimated total
(S obs/S Chao2 = 0.97), suggesting that
sampling effort was sufficient to characterize
avian diversity across the principal habitat
types. Previous provincial-scale  reports
provided only aggregated species counts and did
not include site-specific information for Van
Don District, where Bai Tu Long National Park
is located; consequently, both the total number
of species and the taxonomic composition of the
avifauna in the study area had remained
insufficiently documented. The higher number
of species recorded in the present study reflects

the improved taxonomic resolution achieved
through a habitat-explicit sampling design
encompassing multiple habitat types and both
principal migratory periods. Among the recorded
taxa, 17 species are of conservation concern,
being listed in the Vietnam Red Data Book, the
IUCN Red List, and/or protected under Circular
No. 27/2025/TT-BNNMT of the Ministry of
Agriculture and Environment, emphasizing the
conservation importance of the park’s avifauna.

Species richness varied markedly among habitat
types (Figure 3), indicating strong habitat-
related structuring of bird assemblages.
Evergreen broadleaf forest on soil mountains
(E1) and agricultural land (E8) supported the
highest species richness (110-112 species),
accounting for approximately 70% of the total
number of species recorded. Evergreen
broadleaf forest on limestone mountains (E2)
ranked second, with 95 species, further
highlighting the importance of forested habitats
for maintaining diverse avian communities. In
contrast, coral reef (E4), Karst lagoons within
limestone mountains (E6), and seagrass beds
(E5) supported comparatively low species
richness (2—11 species per habitat), reflecting
the predominance of aquatic conditions and the
limited structural features suitable for most
terrestrial bird taxa. Mangrove forests (E3) and
intertidal flats (E7) supported intermediate
levels of species richness (36-81 species),
consistent with their ecological role as
transitional environments linking terrestrial and
marine systems. Overall, the distribution of
species richness across habitats was highly
uneven, with forest ecosystems functioning as
principal reservoirs of avian diversity, while
non-forest habitats contributed fewer species but
increased landscape-level diversity. These
patterns should be interpreted in light of
variation in sampling effort among habitats
(Table 1). The high richness observed in El
provides quantitative evidence that evergreen
broadleaf forest on soil mountains represents a
major center of avian diversity within the park.
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Species richness per habitat
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Figure 3. Bird species richness across habitats in Bai Tu Long National Park
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Figure 4. Jaccard similarity heatmap between habitats in Bai Tu Long National Park

OO . .. . Two primary habitat groups were identified. The
Similarity in Species Composition Among Habitats first group comprised El (Evergreen broadleaf

Analysis of species composition using the forest on soil mountains), E2 (Evergreen broadleaf
Jaccard similarity index revealed clear patterns forest on limestone mountains), E3 (mangrove
of turnover among habitat types (Figure 4). forest), and E8 (agricultural land), which exhibited
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relatively high internal similarity, indicating
substantial overlap in species composition. This
similarity likely reflects the presence of woody
vegetation and  multilayered  structural
components that provide comparable ecological
resources for many bird species.

The second group included intertidal flats (E7),
karst lagoons within limestone mountains (E6),
coral reefs (E4), and seagrass beds (ES). These
habitats showed relatively low similarity to the
forest-associated group but moderate similarity
within the group itself, despite differences in
salinity, water depth, and hydrodynamic
conditions. These habitats are characterized by
limited vertical vegetation structure and are

Hierarchical clustering

primarily  associated = with  waterbirds,
shorebirds, and other taxa adapted to open or
aquatic environments.

Hierarchical clustering based on Jaccard
distances (Figure 5) further supported this
separation, demonstrating a clear
compositional distinction between forest and
non-forest habitats. This pattern indicates high
B-diversity at the landscape scale, reflecting
strong habitat filtering and ecological
specialization. The pronounced separation
between forested and non-forested
assemblages suggests that habitat type
represents a major driver of avian community
structure in Bai Tu Long National Park.

of habitats (1 - Jaccard distance)

0.8

ET
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1
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Figure 5. Hierarchical clustering (Jaccard distance measurement, mean association method) of habitats
in Bai Tu Long National Park
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The clear bifurcation of avian assemblages into
forest and nonforest clusters represents the first
empirical demonstration of strong habitat-driven
beta diversity within Bai Tu Long National
Park. This pattern indicates that avian
community structure is not gradually distributed
along a terrestrial-marine gradient but instead
exhibits sharp compositional boundaries driven
by habitat type. Such pronounced turnover has
not been previously documented for the park
and underscores the role of habitat
specialization in shaping regional bird diversity.

Distribution of Habitat-Specific (Unique) Species

The distribution of habitat-specific species was
highly uneven across habitat types (Table 3).
Evergreen broadleaf forest on soil mountains
(E1) supported the highest number of unique
species (n = 13), including Clamator
coromandus, Surniculus lugubris, Hierococcyx
nisicolor, Rallina eurizonoides, Otus
spilocephalus, Strix leptogrammica,
Terpsiphone  affinis, Phylloscopus ricketti,
Phylloscopus  schwarzi, Muscicapa muttui,
Ficedula narcissina, Enicurus schistaceus, and
Dicaeum minullum. Agricultural land (E8)
supported five unique species, including
Phalaropus lobatus, Acridotheres cristatellus,
Acridotheres tristis, Passer montanus, and
Anthus rufulus. Evergreen broadleaf forest on
limestone mountains (E2) supported two unique
species  (Falco severus and  Gypsophila
brevicaudata), whereas intertidal flats (E7)
supported one unique species (Calidris alba).

No unique species were recorded in mangrove
forests (E3), coral reefs (E4), seagrass beds
(E5), or karst lagoons within limestone
mountains (E6), likely reflecting relatively
high species overlap with adjacent habitats or
the predominance of generalist and transient
species. The concentration of unique species in
E1 highlights the importance of evergreen
broadleaf forest on soil mountains as a key
habitat for specialized taxa, while the
occurrence of unique species in agricultural
habitats indicates the complementary role of
modified landscapes in contributing to overall

avian diversity at the landscape scale.

Table 3. Number of habitat-specific (unique) bird species
across habitats in Bai Tu Long National Park

Habitat Unique species count
El 13
E8 5
E2 2
E7 1
E3, E4, ES, E6 0
Discussion

Habitat Heterogeneity as a Key Determinant of
Avian Species Richness

This study provides the first habitat-explicit
evaluation of avian diversity across the full
range of terrestrial, coastal, and marine-
associated habitats in Bai Tu Long National
Park. The results demonstrate pronounced
variation in species richness among habitat
types, supporting the widely recognized role of
habitat heterogeneity and structural complexity
as major determinants of avian diversity
(Magurran, 2004; Whittaker et al., 2001).
Evergreen broadleaf forests, particularly those
occurring on soil mountains (EI), supported
the highest species richness and the greatest
number of habitat-restricted species, indicating
their importance as primary reservoirs of avian
diversity within the park. Forest ecosystems
characterized by multilayered vegetation
structure, high plant diversity, and relatively
stable microclimatic conditions are known to

provide diverse trophic resources, nesting
substrates, and opportunities for shelter,
thereby increasing niche availability and

facilitating species coexistence (Betts et al.,
2014; Tews et al., 2004).

The higher species richness observed in forest
habitats can be attributed to their greater
structural complexity and vertical stratification.
These features generate a wide range of
microhabitats and ecological niches, supporting
species with diverse foraging strategies, dietary
preferences, and nesting requirements. In
contrast, more simplified habitats such as
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intertidal flats or seagrass beds tend to support
functionally narrower assemblages, which may
partly explain their lower observed richness.

Evergreen broadleaf forests on limestone
mountains (E2) also supported high species
richness, further underscoring the importance of
forested habitats in maintaining diverse bird
assemblages across substrate types. Together,
El and E2 accounted for a large proportion of
the total recorded species, underscoring the
dominant role of forest ecosystems in
landscape-level diversity in Bai Tu Long
National Park. These findings are consistent with
ecological theory predicting positive relationships
between habitat structural complexity and species
richness across tropical and subtropical systems
(Betts et al., 2014; Sekercioglu, 2002).

Mangrove forests (E3) supported moderate
levels of species richness, reflecting their
ecological role as transitional habitats between
terrestrial and marine environments. Mangroves
provide feeding and roosting habitats for
waterbirds and opportunistic species and
contribute to landscape connectivity along
coastal gradients (Giri et al., 2011; Li et al.,
2022; Nagelkerken et al., 2008). In contrast,
coral reefs (E4), seagrass beds (ES), and karst
lagoons within limestone mountains (E6)
supported comparatively few bird species, likely
reflecting the limited availability of suitable
nesting sites and terrestrial = foraging
opportunities for most avian taxa. Such habitats
are typically used by specialized ecological
guilds or seasonally occurring species and
therefore contribute less to local a diversity but
remain important components of overall habitat
diversity within coastal ecosystems (Gray ef al.,
2007; Sekercioglu, 2002).

Overall, the observed distribution of species
richness indicates that forest habitats, particularly
evergreen broadleaf forest on soil mountains
(E1), represent major centers of avian diversity in
Bai Tu Long National Park, while coastal and
marine-associated habitats contribute
complementary ecological functions and increase
habitat representation at the landscape scale. Part

of this pattern may also reflect differences in
sampling effort among habitats.

Habitat Differentiation and Beta Diversity Patterns

The Jaccard similarity analysis revealed clear
compositional differentiation among habitat
types, with bird assemblages forming two
principal groups, broadly corresponding to
forested and non-forested environments. Forest
habitats (E1, E2), together with agricultural land
(E8) and mangrove forest (E3), showed
relatively high species-composition similarity,
likely reflecting shared structural attributes,
such as woody vegetation cover and the
presence of arboreal or shrub layers. Similar
clustering patterns have been widely observed
in heterogeneous landscapes, where vegetation
structure is a primary determinant of bird
community composition (Newbold ef al., 2013).

In contrast, intertidal flats (E7), karst lagoons
within limestone mountains (E6), seagrass beds
(ES), and coral reefs (E4) formed a distinct
compositional group characterized by relatively
low similarity with forest habitats. Open or
aquatic ecological conditions dominate these
environments and primarily support waterbirds,
shorebirds, and generalist species adapted to
exposed substrates or shallow-water feeding
habitats. The strong separation between forest
and non-forest assemblages indicates substantial
species  turnover across habitat  types,
contributing to high B diversity at the landscape
scale (Anderson et al., 2011).

The distinct contribution of agricultural land
(E8) to overall species richness further
illustrates the ecological importance of habitat
mosaics in supporting diverse bird communities.
Agricultural landscapes can provide
supplementary  feeding  habitats, edge
environments, and structurally heterogeneous
vegetation that support adaptable and open-
habitat species (Tscharntke et al., 2012). These
findings highlight the importance of maintaining
a heterogeneous landscape matrix to sustain
regional-scale biodiversity.

Ecological Importance of Habitat-Restricted Species

The uneven distribution of habitat-restricted
species among habitat types further emphasizes
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the ecological significance of forest ecosystems
in Bai Tu Long National Park. Evergreen
broadleaf forest on soil mountains (E1)
supported the highest number of unique species,
indicating the presence of habitat specialists
associated with relatively intact forest
conditions. Forest-dependent bird species often
exhibit narrow ecological requirements related
to canopy structure, microclimate stability, and
specialized foraging strategies, making them
particularly sensitive to habitat disturbance and
fragmentation (Sodhi et al., 2011).

Agricultural land (E8) also supported several
unique species, suggesting that modified
landscapes can contribute to regional diversity
by supporting species adapted to open habitats
or human-influenced environments. Such
complementary contributions of natural and
modified habitats are increasingly recognized as
important components of landscape-level
conservation strategies (Karp et al., 2018).

No habitat-restricted species were recorded in
mangrove forests, coral reefs, seagrass beds, or
karst lagoons. This pattern may reflect higher
greater species overlap with adjacent habitats or
the predominance of generalist, mobile species
in these environments. Coastal habitats are
frequently used seasonally by migratory species
and may require long-term or seasonally
targeted surveys to fully characterize their
ecological importance (Studds et al., 2017).

Implications for Conservation and Habitat-
Based Management

The occurrence of 17 species of conservation
concern listed in the Vietnam Red Data Book,

the IUCN Red List, and Circular No.
27/2025/TT-BNNMT further highlights the
conservation importance of Bai Tu Long

National Park at national and regional scales.
From a conservation perspective, priority should
be given to protecting evergreen broadleaf
forests on soil mountains (E1), which support
the highest species richness and a substantial
proportion of habitat-associated  species.
Management actions should focus on preventing
forest  degradation, minimizing  habitat
fragmentation, and maintaining the structural
integrity of mature forest ecosystems.

At the landscape scale, maintaining
connectivity among habitat types is essential.
Forest, mangrove, and intertidal systems
provide complementary resources for different

ecological guilds, including resident and
migratory species. Conservation strategies
should  therefore  avoid  single-habitat

approaches and instead promote integrated
management of terrestrial and coastal
ecosystems to sustain the full range of avian
diversity in the park (Lindenmayer et al., 2008).

Study Limitations and Directions for Future Research

Several limitations should be considered when
interpreting the results. First, analyses were
based on presence—absence data rather than
quantitative abundance estimates, limiting the
ability to evaluate population density and
dominance patterns among habitats.
Incorporating standardized abundance-based
methods, such as distance sampling or repeated
point counts, would allow a more detailed
assessment of species-habitat relationships
(Bibby et al., 2000).

Second, detection probability may vary among
species due to differences in behavior, vocal
activity, and habitat preferences, particularly for
nocturnal or cryptic species. Future studies
could apply occupancy modelling approaches to
account for imperfect detection and improve
estimates of habitat use (Kéry & Schmidt, 2008;
MacKenzie, 2000).

Third, although surveys were conducted across
principal migratory periods, longer-term
monitoring would improve understanding of
temporal variation in species composition
associated with migration dynamics along the
East Asian-Australasian Flyway (Kirby et al.,
2008; Studds et al., 2017).

Finally, integrating quantitative environmental
variables, such as vegetation structure, canopy
cover, or disturbance intensity, would enable a
more mechanistic evaluation of the ecological
drivers underlying observed diversity patterns
(Newbold et al., 2013).

An additional limitation of this study relates to
variation in sampling effort among habitat
types. Although all major habitats were
surveyed repeatedly across seasons, differences
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in accessibility and spatial extent resulted in
uneven sampling intensity, with forest habitats
receiving relatively greater effort than more
restricted or logistically challenging habitats
such as coral reefs and seagrass beds. This
variation may have influenced detection
probability and, consequently, observed species
richness. Therefore, comparisons among
habitats should be interpreted with caution, and
future studies should aim to implement fully
standardized sampling designs.

Conclusion

This study provides the first comprehensive
habitat-based assessment of avian diversity in
Bai Tu Long National Park, documenting 161
bird species across 52 families and 16 orders,
distributed across eight habitat types, with high
sampling completeness (S_obs/Chao2 = 0.97).
The  habitat-specific ~ species  inventories
generated in this study substantially improve the
taxonomic resolution available for the area,
where previous reports provided only aggregated
species counts without clearly documented
species composition. Bird species richness and
community composition varied markedly among
habitat types, with evergreen broadleaf forest on
soil mountains (E1) supporting the highest
species richness and the greatest number of
habitat-restricted species, highlighting its role as
a primary reservoir of avian diversity within the
park. In contrast, coastal and marine-associated
habitats supported fewer species but contributed
distinct assemblages, resulting in substantial
species turnover across habitats. Jaccard
similarity analysis revealed clear compositional
differentiation between forest and non-forest
habitats, demonstrating the important role of
habitat heterogeneity in structuring avian
communities at the landscape scale. The
occurrence of 17 species of conservation concern
listed in the Vietnam Red Data Book, the JUCN
Red List, and Circular No. 27/2025/TT-BNNMT
further underscores the high conservation value
of Bai Tu Long National Park. Overall, these
findings provide an important baseline for long-
term biodiversity monitoring and emphasize the

importance of habitat-based approaches in
supporting conservation planning in tropical
coastal protected areas.
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SUPPLEMENTARY INFORMATION
Table S1. List of bird species recorded in Bai Tu Long National Park
(November 2024 - November 2025)

Habitats Reside
TT Common name Scientiffic name -ney
El1 | E2 | E3 | E4 | E5 | E6 | E7 | E8 | status
3]
I ANSERIFORMES ANSERIFORMES
1.Ducks, Geese, and .
Waterfowl Anatidae
1 Northern Pintail Anas acuta (Linnaeus, 1758) 1 1 w
11 CUCULIFORMES CUCULIFORMES
2.Cuckoos Cuculidae
Centropus sinensis
2 Greater C 1 1 1 1 1 R
reater L-ouca (Stephens, 1815)
3 Chestnut -winged Cuckoo Clamator coromandus 1 w
. Cacomantis merulinus
4 Plaintve Cuckoo (Scopoli, 1786) 1 1 1 R
Surniculus lugubris
5 Drongo Cuckoo (Horsfield, 1821) 1 R
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Hierococcyx nisicolor

6 Hodgson’s Hawk Cuckoo (Horsfield, 1821) R
. Cuculus micropterus
7 Indian Cuck R
fidian tuckoo (Gould, 1837)
. Phaenicophaeus tristis
8 Green-billed Malkoha (Lesson, 1830) R
I COLUMBIFORMES COLUMBIFORMES
3.Pigeons and Doves Columbidae
Streptopelia tranquebarica
9 - R
Red Collared-Dove (Hermann, 1804)
Streptopelia chinensis
10 R
Spotted Dove (Scopoli, 1786)
1 Thick-billed Treron curvirostra R
Green Pigeon (Gmelin, 1789)
12 White-bellied Treron sieboldii R
Green Pigeon (Temminck, 1835)
Chalcophaps indica
13 . R
Emerald Dove (Linnaeus, 1758)
Geopelia striata
14 Zebra D . Va
ebra Love (Linnaeus, 1766)
IV | CAPRIMULGIFORMES | CAPRIMULGIFORMES
4. Nightjars and Allies Caprimulgidae
L Caprimulgus jotaka
15 Grey Nightjar (Latham, 1790) R
A% APODIFORMES APODIFORMES
5. Swifts Apodidae
. . Apus pacificus
16 Pacific Swift R
acttie swi (Latham, 1802)
VI GRUIFORMES GRUIFORMES
6. Rails, Gallinules, and Rallidae
Coots
17 | White-breasted Waterhen Amaurornis phoenicurus R
Pennant, 1769
Gallinula chlorppus
18 Common Moorhen (Linnacus, 1758) R
Porzana cinerea
19 White-browed Crak: . R
ferbrowed rake (Vieillot, 1819)
Rallina eurizonoides
20 Slaty-legged Crake (Lafresnaye, 1845) B
VII | PODICIPEDIFORMES PODICIPEDIFORMES
7. Grebes Podicipedidae
. Tachybaptus ruficollis
21 Little Grebe (Pallas, 1764) R
VIII | CHARADRIIFORMES CHARADRIIFORMES
8. Stilts and Avocets Recurvirostridae
. . Himantopus himantopus
22 Black-winged Stilt (Linnacus, 1758) R,W
9. Plovers and Lapwings Charadriidae
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Vanellus cinereus

23 Grey-headed Lapwing (Blyth, 1842) 4
. . Charadrius dubius
24 Little Ringed Plover (Scopoli, 1786) R
. Charadrius alexandrius
25 Kentish Plover (Linnaeus, 1758) R
Charadrius leschnaultii
26 Greater Sand Plover (Lesson, 1826) Pm,W
Charadrius mongolus
L Pl
27 esser Sand Plover (Pallas, 1776) Pm,W
10. Sandpipers and Allies Scolopacidae
28 Sanderling Calidris alba (Pallas, 1776) w
Limmicola falcinell
29 Broad-billed Sandpiper wmmico a.fa cunerus Pm,W
(Pontoppidan, 1763)
Calidris alpi
o] ow s poy
. Calidris subminuta
31 Long-tosed Stint Middendorff, 1853 Y
~ Red-necked Stint Calidris ruficolis P W
ed-necked Stin (Pallas, 1776) m’
13 T ck’s Stint Calidris temminckii W
emmineies Stn (Leisler, 1812)
Phalaropus lobatus
34 Red-necked Phalarope (Linnacus, 1758) Pm
. Tringa stagnatilis
35 Marsh Sand Pm,W
arsti Sandpipeet (Bechstein, 1803) o
Li li
36 |  Black-tailed Godwit rosa fmosd Pm,W
(Linnaeus, 1758)
Ni ] t
37 Eurasian Curlew umemus arquata Pm,W
(Linnaeus, 1758)
. Actitis hypoleucos
38 Common Sandpiper (Linnacus, 1758) Pm,W
. Tringa acchropus
39 G Sand W
feeh Sandpipet (Linnaeus, 1758)
Tringa nebularia
40 Common Greenshank Pm,W
(Gunnerus, 1758)
Calidris minuta
41 Little Stint . \Y%
e St (Leisler, 1812) a
11. Gulls, Terns, and Laridae
Skimmers
42 Heuglin’s Gull Larus fuscus (Bree, 1876) w
43 Whiskered Tern Chlidonias hybrida W
(Pallas, 1811)
IX PELECANIFORMES PELECANIFORMES
12. Her%l;:;::;gl:ets, and Ardeidae
44 Black-crowned Night Nycticorax nycticorax R
Heron Linnaeus, 1758
. Ardeola bacchus
45 Chinese Pond Heron (Bonaparte, 1855) R
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Bubulcus coromandus

46 Eastern Cattle Egret (Linnaeus, 1758) R
Ardea pupured
47 Purple H R
upie teron (Linnaeus, 1766)
Ardea cinerea
48 Grey H Pm,W
fey Heron (Linnaeus, 1758) m
49 Great Egret Ardea alba (Linnaeus, 1758) R
. Mesophoyx intermedia
50 Intermediate Egret (Wagler, 1827) R
. Egretta garzetta
51 Little Egret . R
fitle tete (Linnaeus, 1766)
52 Yellow Bittern Ixobrychus sinensis R
(Gmelin, 1789)
. Egretta sacrra
53 Pacific Reef-Egret . R
actHic Heel-=gre (Gmelin, 1789)
Butorides striatus
54 Striated H R
rlated Heron (Linnaeus, 1758)
X ACCIPITRIFORMES ACCIPITRIFORMES
13. Hawks, Eagles, and ...
Kites Accipitridae
Accipiter trivirgatus
55 Crested Goshawk (Temminck, 1824) R
Milvus migrans
56 Black Kit R
ack e (Boddaert, 1783)
. Pernis ptilorhynchus
57 Oriental Honey Buzzard (Temminck, 1821) R
. Buteo burmanicus
58 Himalayan Buzzard (Linnaeus, 1758) W
Spilornis cheela
59 Crested S t Eagl R
fested Sefpent Bagle (Latham, 1790)
, Aviceda jerdoni
60 Jerdon’s Baza (Blyth.1842) R
XI STRIGIFORMES STRIGIFORMES
14. Owls Strigidae
61 Collared Scops-Owl Otus lettia (Pennant, 1769) R
) Otus spiocephalus
62 Mountain S -Owl R
ountain Scops-Ow (Blyth, 1846)
Strix leptogrammica
63 Brown Wood Owl (Temminck, 1821) R
. Ketupa zeylonensis
64 B Fish Owl R
rown HIs W (Gmelin, 1788)
XII BUCEROTIFORMES BUCEROTIFORMES
15. Hornbills Bucerotidae
. . . Anthracaceros albrostris
65 Oriental Pied Hornbill (Shaw & Nodder, 1870) R
16. Hoopoes Upupidae
. Upupa epops
66 E H . R
urastan Hoopoe (Linnaeus, 1758)
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XIII CORACIIFORMES CORACIIFORMES
17. Rollers Coraciidae
. Eurystomus orientalis
67 Dollarbird (Linnacus, 1766) R
18. Kingfishers Alcedinidae
. . Halcyon smyrnensis
68 | White-throated Kingfisher (Linnacus, 1758) R
: Halcyon pileata
69 Black- d Kingfish Pm,W
ack-capped Kingfisher (Boddaert, 1783) m,
Alcedo atthis
70 C Kingfish . R
ormmon ngtishet (Linnaeus, 1758)
19. Bee-eaters Meropidae
M. idi
71 Blue-throated Bee-cater .erops v R
innaeus,
(L 1758)
X1V PICIFORMES PICIFORMES
20. Asian Barbets Megalaimidae
Psilopogon faiostricta
72 Green-cared Barbet (Temminck, 1831) R
21. Woodpeckers Picidae
. Jynx torquilla
73 E W k Pm,W
urasian Wrynec (Linnaeus, 1758) -
XV FALCONIFORMES FALCONIFORMES
ZZbP;il:g::aznd Falconidae
Falco tinnunculus
74 Common Kestrel (Linnacus, 1758) R
. Falco peregrinus
75 Peregrine Falcon Tunstall, 1771 R
76 Oriental Hobb Falco severus R
riental Ho
y (Horsfield, 1821)
XVI PASSERIFORMES PASSERIFORMES
23. Woodswallows, Artamidae
Bellmagpies, and Allies
Artamus fuscus
77 Ashy Woodswall R
Sy woodswatlow (Vieillot, 1817)
24. Cuckooshrikes Campephagidae
.. Pericrocotus divaricatus
78 Ashy Minivet (Raffles, 1822) w
25. Shrikes Laniidae
Lanius cristatus
B hrik P
& rown Shrike Linnaeus, 1758 m, W
Lanius schach
80 Long-tailed Shrik . R
ong-tatle e Linnaeus, 1758
26. Vireos, Shrike- Vireonid
Babblers, and Erpornis treonidae
Epornis zantholeuca
81 White-bellied E i R
ite-bellied Erpornis (Blyth, 1844)
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27. Old World Orioles

Oriolidae

Oriolus chinensis

2 Black- iol
8 ack-naped Oriole Linnaeus, 1766 Y
28. Drongos Dicruridae
Dicrurus macrocercus
83 Black Drongos Vieillot, 1817 R
. Dicrurus hottentottus
84 Hair-crested Drongo (Linnacus, 1766) R
Dicrurus leucophaeus
85 Ashy Drongo (Vicillot, 1817) R
29. Fantails Rhipiduridae
. . Rhipidura albicollis
86 White-throated Fantail (Vieillot, 1818) R
30. Monarch Flycatchers Monarchidae
Hypothymis azurea
87 Black-naped Monarch (Boddaert, 1783) R
Chinese Paradise Terpsiphone affinis
88 R
Flycatcher (Blyth, 1846)
31. Crows, J ays, and Corvidae
Magpies
. Corvus macrorhynchos
89 Large-billed Crow Wagler, 1827 R
. . Urocissa erythrorhyncha
90 Red-billed Blue Magpie (Boddaert, 1783) R
32. Fairy Flycatchers Stenostiridae
91 Grey-headed Canary Culicicapa ceylonensis R
Flycatcher (Swainson, 1820)
33. Tits, Chickadees, and .
o . Paridae
Titmice
. Parus minor
2 Japanese Tit Temminck & Schlegel, 1848 R
34. Bulbuls Pycnonotidae
Pycnonotus melanicterus
93 Black-crested Bulbul (Gmelin, 1789) R
. Pycnonotus jocosus
94 Red-whiskered Bulbul (Linnacus. 1758) R
. Pycnonotus sinensis
95 Light-vented Bulbul (Gmelin, 1789) R
Pycnonotus aurigaster
96 Sooty-headed Bulbul (Vieillot, 1818) R
Himixos castanonotus
97 Och Bulbul . R
chraceouss Bulbu (Swinhoe, 1870)
Alophoixus pallidus
98 Puff-throated Bulbul (Swinhoe, 1870) R
99 Black Bulbul Hypsipetes leucocephalus R
(Gmelin, 1789)
35. Swallows Hirundinidae
Hirundo rustica
100 B 11 P
arn Swallow Linnaeus, 1758 m, W
101 Red d Swall Cecropis daurica W
ed-rumped Swallow
P (Laxmann, 1769)
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36. Leaf Warblers

Phylloscopidae

Phylloscopus inornatus

102 Yellow-browed Warbler (Blyth, 1842) w
103 Dusky Warbler Phy lgﬁuf ﬁ;;atus w
104 | Sulphur-breasted Warbler Phy(l%ulsgrgi;;{ ettt Pm
105 | Arctic Warbler e sy w
106 | Radde's Warbler ™ w
37. ltlie(;l[z:[l?;:)lers Acrocephalidae
107 | Thick-billed Warbler Argﬂﬁﬁ‘g" Pm,W
38. Cisticolas and Allies Cisticolidae
108 Plain Prinia i;’g”‘;;’;‘;“ R
109 | Common Tailorbird O’(%f i”;tggr)ms R
110 Dark-necked Tailorbird Oré,}fzzﬁ?zcﬁnf‘gggﬁs R
P e | i
111 Pin-striped Tit-Babbler Mixornis gularis R
(Horsfield, 1822)
40. Gl;(:llan:lﬁzz)blers Pellorneidae
112 Pin-striped Tit-Babbler Gop so(pgzli}{izhf)liegvsitszc)zudata R
41. Laughing?hrushes Leiothrichidae
and Allies
113 Blue-winged Minla Actin(ﬁl:gcgl;)};i nlogtgrgfa tera R
42. Whi:ﬁ:):lsl;:;uhinas, Zosteropidae
114 Indochinese Yuhina Sgg{g;ﬁ?():j?;;g;a R
115 Swinhoe's White-eye Z((;S:;’:fs:iﬁlgle; R
43. Starlings Sturnidae

116 Crested Myna e ™ R
117 Common Myna A(ifﬁﬁéﬁi:ﬁ)is R
118 Red-billed Starling SPO% Sle;éf:us w
119 | White-shouldered Starling i&ﬁ?; és) R
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44. Thrushes and Allies

Turdidae

Turdus hortulorum

120 Gray-backed Thrush P
Tay-backe S (Sclater, 1863) m
Turdus dissimili
121 Black-breasted Thrush HIGUS GLSSIMIILS R
(Blyth, 1847)
Turdus cardis
122 J Thrush P
apaniese Lhrus (Temminck, 1831) m
Turdus obscurus
123 Eyeb d Thrush Pm,W
yebrowed 2hrus (Gmelin, 1789) m
. . Turdus mandarinus
124 Chinese Blackbird (Bonaparte, 1850) Pm,W
4;,'1;11;:&)::(1 Muscicapidae
. . . Copsychus saularis
125 Oriental Magpie-Robin (Linnacus, 1758) R
126 White-rumped Shama Copsychus malabaricus R
P (Scopoli, 1788)
. Muscicapa dauurica
127 | Asian Brown Flycatcher Pallas, 1811 Pm,W
Muscicapa griseisticta
128 | Gray-streaked Flycatcher (Swinhoe, 1861) Va
Muscicapa muttui
129 | Brown-breasted Flycatcher (Layard, 1854) Y
. Cyornis hainanus
130 Hainan Blue Flycatcher (Ogilvie-Grant, 1900) R
. Ficedula narcissina
131 Narcissus Flycatcher (Temminck, 1836) Pm
132 Fuiian Nilt Niltava davidi R
ujian Niltava
! (La Touche, 1907)
. Eumyias thalassinus
133 Verditer Flycatcher (Swainson, 1838) R
o Calliope calliope
134 Siberian Rubythroat (Pallas, 1776) w
Luscinia svecica
135 Bluethroat (Linnacus, 1758) Pm,W
136 | White-tailed Robin Myiomela leucura R
(Hodgson, 1845)
. Tarsiger cyanurus
137 Red-flanked Bluetail (Pallas, 1773) w
. Enicurus schistaceus
138 Slaty-backed Forktail (Hogdson, 1836) R
139 |  Blue Whistling-Thrush Myophonus caeruleus R
£ (Scopoli, 1786)
Ficedula albicilla
140 Taiga Flycatch w
aiga Hlycatcher (Pallas, 1811)
. Phoenicurus auroreus
141 Daurian Redstart (Pallas, 1776) w
142 Blue Rock-Thrush Monticola solitarius R
(Linnaeus, 1758)
Saxicola stejnegeri
143 Amur Stonechat (Parrot, 1908) R
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Saxicola ferreus
144 Gray Bushchat (Gray, 1847) R
46. Flowerpeckers Dicaeidae
145 Scarlet-backed Dicaeum cruentatum R
Flowerpecker (Linnaeus, 1758)
. Dicaeum minullum
146 Plain Flowerpecker (Swinhoe, 1870) R
47. Sunbirds and . ..
Spiderhunters Nectariniidae
Aeth j I
147 Crimson Sunbird cropyea Stparajd R
(Raffles, 1822)
. Cinnyris jugularis
148 Garden Sunbird (Linnaeus, 1766) R
48. Old World Sparrows Passeridae
. Passer montanus
149 Eurasian Tree Sparrow (Linnaeus, 1758) R
49. Waxbills and Allies Estrildidae
. Lonchura punctulata
150 Scaly-breasted Munia (Linnacus, 1758) R
. . Lonchura striata
151 White-rumped Munia (Linnaeus, 1766) R
50. Wagtails and Pipits Motacillidae
. Motacilla cinerea
152 Gray Wagtail (Tunstall, 1771) Pm,W
) Motacilla tschutschensis
153 Eastern Yellow Wagtail . \\%
(Gmelin, JF, 1789)
. . Motacilla alba
154 White Wagtail (Linnacus, 1758) R
. Motacilla flava
155 | Western Yellow Wagtail (Linnacus, 1758) w
. Anthus rufulus
156 Paddyfield Pipit (Vieillot, 1818) R
. .. Anthus hodgsoni
157 Olive-backed Pipit (Richmond, 1907) w
51. Finches, Euphonias, R
and Allies Fringillidae
158 Common Rosefinch Carpodacus erythrinus Pm,W
(Pallas, 1770) ’
52. Old World Buntings Emberizidae
. Emberiza spodocephala
159 Black-faced Bunting (Pallas, 1776) W
) ) Emberiza pusilla
160 Little Bunt w
ftie bunting (Pallas, 1776)
161 | Yellow-breasted Bunting Emberiza aureola W

(Pallas, 1773)

* Note: R- Resident; W- Winter visitor; B- Breeding migrant; Va- Vagrant; Pm- Passage migrant; 1 — presence; 0 — absence.
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Some Images of the Habitats in Bai Tu Long National Park

Figure S1. Evergreen broadleaf forest on soil mountains

Figure S2. Evergreen broadleaf forest on limestone mountains

Figure S3. Mangrove forest
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Figure S4. Intertidal flats

Figure S5. Agricultural land

Figure S6. Karst lagoons within limestone mountains (Tung—Ang system)

https://jtse.tapchikhcnnd. mod.gov.vn

40




      Q 1 2    2 Q 2


    a  a + b + c

