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Abstract: Habitat degradation in former production forests necessitates systematic
rehabilitation to restore ecological functions and biodiversity. Monitoring avian
communities serves as a vital bioindicator for evaluating the success of such
restoration efforts. This study aimed to evaluate bird species diversity and community
structure within the forest rehabilitation zone of Resort PTN Tapos, Mount Gede
Pangrango National Park. Surveys were conducted in July 2023 using point count and
MacKinnon list methods across observation points in the Cinakimun forest block. The
study documented a relatively diverse bird community consisting of endemic and
protected species, indicating that the rehabilitation area provides important habitat
resources for avifauna. Ecological analyses demonstrated moderate species diversity,
high distribution evenness, and low species dominance, reflecting a relatively stable
bird community structure within the rehabilitated forest ecosystem. Vertical
stratification observations further revealed that most bird activities were
concentrated in the middle canopy layer, highlighting the ecological importance of
vegetation structure in supporting bird habitat utilization. The findings indicate that
the rehabilitation zone effectively supports a stable and diverse avian community,
validating the success of current ecosystem recovery strategies in restoring vital

wildlife habitats.

Introduction
Birds constitute one of the most widely distributed
vertebrate groups, occupying nearly all vegetated
ecosystems ranging from natural forests to anthropogenic
landscapes. Among these, forest ecosystems particularly
montane forests provide critical habitats due to their
complex vertical structure and reduced anthropogenic
disturbance, which enhance safety and resource availability
for avifauna (1, 2). The presence and diversity of bird
species within a habitat reflect ecological selection
processes, where vegetation composition and structural
complexity play pivotal roles in determining species
richness and abundance. Habitats characterized by high
vegetation diversity offer abundant food resources,
nesting sites, and microhabitats, thereby supporting richer
bird communities (3). Consequently, bird communities are
widely recognized as reliable bioindicators for assessing
ecosystem health and the success of habitat restoration
efforts.

Despite  their  ecological importance, forest
ecosystems are increasingly subjected to anthropogenic

pressures, including land-use change and forest
degradation, which threaten biodiversity and disrupt
ecological functions. In Indonesia, many forest areas have
undergone conversion to production forests, necessitating
subsequent rehabilitation to restore ecological integrity.
The Resort Pengelolaan Taman Nasional (PTN) Tapos,
located within Taman Nasional Gunung Gede Pangrango
(TNGGP), represents a critical case where former
production  forests are  undergoing  ecological
rehabilitation to re-establish their conservation functions
(4). The historical reliance on commercial monocultures,
such as Pinus merkusii plantations, typically leaves a
persistent structural and floristic legacy. This structural
uniformity frequently acts as an ecological filter,
constraining the recolonization of specialized montane
avifauna by simplifying canopy layers and altering
resource availability, which fundamentally shapes the
baseline conditions for subsequent forest rehabilitation.
Forest rehabilitation aims to restore vegetation cover,
ecosystem processes. The rehabilitation zone in Resort
PTN Tapos is characterized by montane forest habitat with
diverse vegetation composition, including natural forest
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Figure 1. Map of bird observation points.
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Figure 2. Diagram of the point count method.

species and rehabilitated plant communities. The area is
situated at a montane elevation range that supports
relatively cool temperatures and high humidity, creating
favorable environmental conditions for various bird
species. In addition, the rehabilitation program in this area
has been conducted for several years as part of ecosystem
recovery efforts aimed at restoring vegetation structure,
improving habitat quality, and increasing biodiversity
conservation value. Forest rehabilitation aims to restore
vegetation cover, ecosystem processes, and biodiversity,
ultimately enhancing habitat suitability for wildlife,
including birds (5). Previous studies in this area, such as in
the Pasir Banteng block, recorded 32 bird species with
moderate diversity (H'= 2.76), relatively even species
distribution (E = 0.79), and low dominance levels,
indicating a recovering but not yet fully stable ecosystem
(6). However, challenges remain in understanding how
bird communities respond to ongoing rehabilitation
processes, particularly in terms of community structure,
diversity patterns, and conservation status.

Current approaches to evaluating ecosystem recovery
often rely on vegetation-based indicators, which may not
fully capture faunal responses and ecological interactions.
Although avian diversity assessments have been
conducted in certain parts of TNGGP, comprehensive
studies focusing specifically on rehabilitation zones remain
limited, creating a critical knowledge gap in understanding
the trajectory of biodiversity recovery. Moreover, limited
information is available regarding how bird communities
adapt to rehabilitated montane habitats with varying
vegetation structures and environmental conditions in
Resort PTN Tapos. Addressing this gap is essential, as birds
contribute significantly to ecological processes such as
seed dispersal and pollination, thereby accelerating natural
succession and enhancing forest resilience (7). Therefore,
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this study aims to analyze the diversity, community
structure, and conservation status of bird species in the
rehabilitation zone of Resort PTN Tapos, TNGGP. The
research employs field-based observational methods
combined with ecological indices, including species
diversity, evenness, and dominance, to provide a
comprehensive assessment of avian communities. The
findings are expected to contribute to evidence-based
conservation strategies and offer insights into the
effectiveness of forest rehabilitation in restoring
biodiversity and ecosystem functionality.

Methodology

Study Design and Study Area

This study employed a quantitative ecological field survey
designed to assess bird diversity, community structure,
and habitat characteristics within a forest rehabilitation
zone. The research was conducted in July 2023 in the
rehabilitation area of Resort PTN Tapos, Taman Nasional
Gunung Gede Pangrango (TNGGP), Indonesia. The study
site is characterized by mixed secondary montane forest
located within a hilly landscape adjacent to a river system.
The spatial distribution of observation points is presented
in Figure 1.

Data collection was conducted over a one-month
period with eight repeated sampling events to improve
detection probability and temporal representation.
Observations were carried out twice daily during peak bird
activity periods, specifically in the morning (05: 30-09: 00
WIB) and afternoon (15: 30-17: 00 WIB), based on the
assumption that birds exhibit higher activity during these
time intervals.

Bird Sampling Design and Procedures

Bird sampling was conducted using the point count
method, which allows standardized estimation of bird
presence and relative abundance in forest ecosystems. A
total of 10 observation points were established along a
linear transect, with a minimum distance of 150 m
between points to avoid double counting of individuals.
Each observation point had a fixed radius of 50 m and a
standardized observation duration of 10 minutes, as
illustrated in Figure 2.

Sampling points were determined using purposive
sampling based on habitat representativeness and areas
with high bird encounter probability. At each point, all
birds detected visually or acoustically were recorded.
Observational variables included species identity, number
of individuals, time of encounter, behavior, activity type,
and vertical position within vegetation strata.

To complement the point count method, species
richness was assessed using the MacKinnon list method,
where bird species were sequentially recorded into lists
containing a maximum of 20 species per list. Sampling
continued until no additional species were recorded,
indicating that the observed data sufficiently represented
the bird community (8).

Bird Identification Techniques

Bird identification ~was conducted using both
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morphological and acoustic approaches. Morphological
identification was based on key characteristics, including
plumage coloration, pattern, body size, beak shape, and
leg morphology, following standard field guides (8, 9).
Acoustic identification was performed by recording bird
vocalizations and cross-referencing them with validated
databases such as Xeno-Canto, supported by automated
recognition tools (BirdNET), to improve detection accuracy
for cryptic and visually concealed species.

Taxonomic nomenclature, systematic ordering, and
endemic designations strictly followed the most recent
standardized  Indonesian  avifaunal  checklist by
Taufiqurrahman et al. (2022) (10). This ensures full
compliance with contemporary taxonomic splits and
updates relevant to Javan montane avifauna.
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Measurement of Abiotic Factors

Abiotic environmental variables were measured at each
observation point prior to bird surveys to characterize
habitat conditions. Variables recorded included air
temperature (°C), relative humidity (%), light intensity (lux),
wind speed (m/s), and elevation (m above sea level).
Measurements were conducted using a weather meter,
luxmeter, and GPS device during both morning and
afternoon sessions to capture temporal variation.

Vegetation Analysis

Vegetation structure was analyzed using a nested plot
method to quantify habitat characteristics influencing bird
communities. A total of five vegetation plots were
established using a systematic-purposive approach to
subsample the structural gradient across the 10 avifaunal
observation points, with plots directly co-located at
alternating bird sampling stations (Points 1, 3, 5, 7, and 9)
at a spacing of 150 m between plots. These five plots serve
as a representative macro-level characterization of the
vegetation matrix, allowing structural metrics to be reliably
correlated with broader avifaunal patterns along the
transect. A total of five vegetation plots were established
using purposive sampling to represent habitat variability,
with a spacing of 150 m between plots. Each plot
measured 20 x 20 m for the tree layer, with subplots of 10
x 10 m for poles and 5 x 5 m for saplings, as illustrated in
Figure 3.

Vegetation was classified into growth stages,
including saplings (height > 1.5 m and diameter < 10 cm),
poles (diameter 10-20 cm), and mature trees (diameter >
20 cm). Data collected included species identity, number
of individuals, tree height, height of the first branch, and
diameter at breast height (DBH).

Data Analysis

Bird Community Analysis

Bird community structure was quantified using standard
ecological indices. Species diversity was calculated using
the Shannon-Wiener index (Equation 1), where P = N;

is the number of individuals of species I, and N is the to]t\gl
number of individuals. Diversity categories followed Odum
(1993).

Species evenness was calculated using Equation 2,
where S is the total number of species, with interpretation
based on Krebs (1989) (11).

Species dominance was calculated Equation 3
following Odum (1993) (12). Species richness was
calculated using the Margalef index (Equation 4) with
interpretation based on Jorgensen et al. (2005) (13).

Table 1. Classification parameters for vertical vegetation strata utilized for avifaunal spatial analysis.

No. Vegetation Strata Category
1. Stratum A
2. Stratum B
3. Stratum C
4. Stratum D
5. Stratum E

Height Range (m)
> 30

20-30

4-20

1-4

<1
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Vertical Distribution Analysis

The vertical distribution of bird species was analyzed
descriptively based on vegetation strata classification
(Table 1), following Indriyanto (14). This approach enabled

Table 2. List of bird species found in the

No. English Name

1 Changeable Hawk-Eagle

2 Crested Serpent-Eagle

3 Collared Kingfisher

4 Cave Swiftlet

5 Yellow Bittern

6 Bar-winged Prinia*

7 Javan Tailorbird*

8 Spotted Dove

9 Square-tailed Drongo-Cuckoo
10 Banded Bay Cuckoo

11 Rusty-breasted Cuckoo

12 Plaintive Cuckoo

13 Black Drongo

14 Ashy Drongo

15 Javan Munia*

16 Scaly-breasted Munia

17 White-throated Kingfisher
18 Pacific Swallow

19 Flame-fronted Barbet*

20 White-crowned Forktail

21 Oriental Magpie-Robin

22 Olive-backed Sunbird

23 Little Spiderhunter

24 Red Junglefowl

25 Chestnut-bellied Partridge*
26 King Quail

27 Fulvous-breasted Woodpecker
28 Javan Banded Pitta*

29 Sooty-headed Bulbul

30 Common Moorhen

31 Pied Fantail

32 Ashy Tailorbird

33 Horsfield's Babbler

34 Pygmy Wren-Babbler

35 Rufous-fronted Laughingthrush*
36 Javan Cochoa*

37 Javan White-eye

Note: *Endemic
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the identification of habitat utilization patterns across
forest canopy layers (15).

Species Composition and Conservation Status

Bird species composition was analyzed and presented in
tables and graphs, including classification by family,

rehabilitation zone of the PTN Tapos Resort.

Latin Name Family
Nisaetus cirrhatus Accipitridae
Spilornis cheela Accipitridae
Todirhamphus chloris Alcedinidae
Collocalia linchi Apodidae
Ixobrychus sinensis Ardeidae
Prinia familiaris Cisticolidae
Orthotomus sepium Cisticolidae
Spilopelia chinensis Columbidae
Surniculus lugubris Cuculidae
Cacomantis sonneratii Cuculidae
Cacomantis sepulcralis Cuculidae
Cacomantis merulinus Cuculidae
Dicrurus macrocercus Dicruridae
Dicrurus leucophaeus Dicruridae
Lonchura leucogastroides Estrildidae
Lonchura punctulata Estrildidae
Halcyon smyrnensis Halcyonidae
Hirundo tahitica Hirundinidae
Megalaima armillaris Megalaimidae
Enicurus leschenaulti Muscicapidae
Copsychus saularis Muscicapidae
Cinnyris jugularis Nectariniidae
Arachnothera longirostra Nectariniidae
Gallus gallus Phasianidae
Arborophila javanica Phasianidae
Synoicus chinensis Phasianidae
Dendrocopos macei Picidae
Hydrornis guajana Pittidae
Pycnonotus aurigaster Pycnonotidae
Gallinula chloropus Rallidae
Rhipidura javanica Rhipiduridae
Orthotomus ruficeps Sylviidae
Malacocincla sepiaria Timaliidae
Pnoepyga pusilla Timaliidae
Garrulax rufifrons Timaliidae
Cochoa azurea Turdidae
Zosterops melanurus Zosteropidae
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feeding guild, and activity type. Conservation status was
determined based on the IUCN Red List and national
regulations (Permen LHK No. 106 Tahun 2018). Taxonomic
nomenclature and endemicity classifications were
systematically verified against Taufiqurrahman et al. (2022)
(10) to maintain taxonomic uniformity throughout the
study.

Vegetation Analysis
Vegetation data were analyzed using the Important Value
Index (IVI), calculated as:

where FR represents relative frequency, KR relative
density, and DR relative dominance. This index was used
to determine the ecological importance of plant species
within the study area:

Ethical Considerations

All data collection procedures were non-invasive and
based on direct observation, ensuring minimal disturbance
to wildlife. The study complied with conservation
regulations within TNGGP, and all necessary research
permits were obtained from the relevant authorities prior
to fieldwork.

Results and Discussion

Habitat Conditions

The habitat characteristics at the study site were assessed
through both abiotic and biotic components, including
microclimatic variables and vegetation composition. The
study area was located at an elevation range of 834-957 m
above sea level (Appendix 2), representing a transitional
zone between lowland and montane bird communities.
Such altitudinal gradients are known to support mixed
assemblages of bird species originating from both
ecological zones (17), which is consistent with the species
composition observed in this study (Table 2).

Microclimatic measurements indicated that mean air
humidity was 84.23% in the morning and 77.65% in the
afternoon (Appendix 3), values considered optimal for
supporting avian activity (18). Humidity plays a critical role
in regulating bird activity, as excessively high levels (>
90%) may constrain movement, whereas low humidity can
increase dehydration risk and reduce activity levels (19,
20).

The average air temperature recorded was 21.42°C in
the morning and 25.14°C in the afternoon (Appendix 3),
which falls within the typical range for the Taman Nasional
Gunung Gede Pangrango region. Temperature is a key
ecological factor influencing bird distribution, as only
species with suitable physiological adaptations can
tolerate lower temperatures. Consequently, temperature
variation contributes to shaping species composition and
activity patterns within the habitat.

Wind speed measurements showed relatively low
values, averaging 0.29 m/s in the morning and 0.38 m/s in
the afternoon (Appendix 3), indicating stable atmospheric
conditions. Such low wind velocities are unlikely to disrupt
bird movement or behavior, as higher wind speeds are
generally associated with reduced activity and increased
risk during flight (21).

Light intensity ranged from 2.83 klux in the morning
to 2.85 klux in the afternoon (Appendix 3), suggesting
moderate illumination levels suitable for avian activity.
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Light availability influences daily behavioral patterns, with

higher intensities often associated with reduced
movement and increased resting behavior (22).
Vegetation analysis revealed a heterogeneous

composition surrounding observation points, including
Artocarpus heterophyllus, Calliandra calothyrsus, Coffea
arabica, Nephelium lappaceum, Persea americana, Pinus
merkusii, and Vernonia amygdalina (Appendix 1). Among
these, Pinus merkusii was the most dominant species, with
31 individuals recorded, while Nephelium lappaceum was
the least abundant (one individual). The dominance of
Pinus merkusii is ecologically significant, as it provides
perching and habitat structure for multiple bird species.

This dominance was further supported by the
Importance Value Index (IVI), where Pinus merkusii
exhibited the highest value (141.67%; Appendix 1),
indicating its major ecological role in structuring the
habitat. Rather than serving merely as a beneficial
perching substrate, this non-native pine legacy carries
profound ecological implications for forest rehabilitation.
The structural and floristic uniformity characteristic of
commercial pine legacy severely simplifies habitat
architecture, often suppressing the regeneration of diverse
native broadleaf flora (23). Consequently, this persistent
monoculture framework acts as an active ecological filter
that limits the recovery of specialized native montane
avifauna, keeping the community characteristically reliant
on edge-tolerant or generalist species during early-to-mid
recovery phases. The high abundance and structural
contribution of Pinus merkusii suggest that it acts as a
primary determinant of habitat quality and resource
availability for bird communities in the study area.
However, the spatial asymmetry between the ten bird
count stations and five vegetation plots presents a minor
sampling limitation. While this sub-sampling design
effectively captures macro-level environmental signals, it
may underrepresent localized  micro-topographical
vegetation shifts—a constraint that highlights the need for
fully paired, high-density spatial sampling in future long-
term monitoring efforts.

Species Composition and Richness of Birds

A total of 37 bird species belonging to 24 families were
recorded within the rehabilitation zone of Resort PTN
Tapos. Among these, the family Cuculidae was the most
represented, comprising four species: Surniculus lugubris,
Cacomantis  sonneratii, Cacomantis sepulcralis, and
Cacomantis merulinus. The relatively high occurrence of
Cuculidae is likely associated with the secondary forest
habitat characterized by relatively open vegetation
structure, which facilitates foraging efficiency and brood
parasitism behavior (24). In addition, reduced competition
and predation pressure may further contribute to their
local abundance.

The complete list of recorded species is presented in
Table 2, including several endemic taxa (marked with *),
indicating the conservation importance of the study area.
The presence of endemic species suggests that the habitat
plays a critical role in supporting taxa with restricted
geographic distributions and specialized ecological
requirements.

Water-associated birds were represented by four
species, namely Todirhamphus chloris, Halcyon smyrnensis,
Ixobrychus sinensis, and Gallinula chloropus, each
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belonging to different families. Their occurrence indicates
the availability of aquatic or semi-aquatic habitats that
provide essential resources such as food, water, and
breeding sites. Wetland-associated birds are known to be
highly dependent on water availability and quality, making
them reliable indicators of habitat condition (25).

Raptor species were represented by two taxa, Nisaetus
cirrhatus and Spilornis cheela, which occupy the top
trophic level within the ecosystem. The presence of these
apex predators reflects a relatively balanced trophic
structure, as raptors play a crucial role in regulating prey
populations and maintaining ecosystem  stability.
Observations of soaring behavior further indicate active
territory monitoring and foraging activity.

Ground-dwelling (terrestrial) bird species were also
recorded, including Gallus gallus, Hydrornis guajana,
Synoicus chinensis, and Arborophila javanica. These species
are typically associated with forest floor habitats and are
known to be sensitive to anthropogenic disturbance. Their
presence suggests relatively low levels of human
interference and adequate understorey vegetation that
supports foraging and shelter requirements.

A total of eight endemic bird species were identified,
including Prinia familiaris, Orthotomus sepium, Lonchura
leucogastroides,  Megalaima  armillaris,  Arborophila
javanica, Hydrornis guajanus, Garrulax rufifrons, and
Cochoa azurea. The occurrence of these species highlights
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the ecological significance of the area, as endemic taxa are
often highly sensitive to habitat changes and can serve as
important indicators for conservation prioritization (26).

Nectarivorous birds were represented by two species,
Cinnyris jugularis and Arachnothera longirostra, indicating
the presence of nectar-producing plants within the
habitat. These species are considered ecological
specialists, relying on specific floral resources, and their
occurrence reflects habitat conditions that are still capable
of supporting specialized ecological niches (27).

Woodpeckers were represented by a single species,
Dendrocopos macei, which is typically associated with
mature woody vegetation. The presence of this species
suggests the availability of suitable tree substrates for
foraging and nesting, particularly large or dead trees. This
observation is consistent with the dominance of Pinus
merkusii in the study area (Appendix 1), which provides
structural habitat components required by woodpeckers
(28).

Species accumulation analysis based on the
MacKinnon list method showed a progressive increase in
species richness from the first to the fifth list, followed by a
plateau between the sixth and seventh lists (Figure 4). This
asymptotic pattern indicates that the sampling effort was
sufficient to capture the majority of bird species present in
the study area (8). Variations in species richness are
generally influenced by factors such as resource
availability, reproductive capacity, adaptive ability, and
predation pressure within the ecosystem.

Distribution of Bird Species and Individuals

The spatial distribution of bird species varied across
observation points, reflecting differences in habitat
structure and environmental conditions. The highest
species richness was recorded at point 7, with 19 species
from 12 families (Figure 5A). This high occurrence is likely
associated with  favorable habitat characteristics,
particularly the relatively open vegetation structure that
provides diverse ecological resources such as food,
perching sites, and shelter. Habitats with heterogeneous
vegetation and sufficient resource availability are known to
support higher bird diversity and distribution (29, 30).
Open habitats, in particular, are frequently utilized by birds
for foraging and thermoregulation activities, including
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Figure 5. Distribution of bird species (A) and distribution of individual birds (B).
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sunbathing.

Conversely, the lowest species richness was observed
at point 10, where only 7 species from 6 families were
recorded (Figure 5A). This pattern can be attributed to
denser vegetation structure and higher canopy closure,
which  may limit resource availability and restrict
movement for certain bird species. In addition, point 10
represents the highest elevation among all observation
sites (957 m asl. ; Appendix 2), which may further
contribute to reduced species richness. Increasing
elevation is often associated with decreased vegetation
diversity, ultimately influencing bird community
composition (31).

The distribution of individual birds also showed
distinct spatial variation. The highest abundance was
recorded at point 1, with 162 individuals (31.76%) (Figure
5B). This site is characterized as a forest edge habitat with
relatively open vegetation, conditions that are known to
support higher bird abundance compared to interior forest
habitats (32). Open and edge habitats tend to attract
species that prefer accessible food resources and greater
mobility. In this study, Lonchura leucogastroides and
Lonchura punctulata were the most frequently observed
species at point 1 (Appendix 4), consistent with their
ecological preference for open grasslands and secondary
vegetation, where they typically occur in pairs or small
groups (8). This high concentration of open-country
granivores at the forest boundary underscores intense
edge effects and early-successional habitat characteristics.
While the overall indices suggest a recovering system, the
localized dominance of these generalist species serves as a
clear indication of ongoing structural disturbance and
habitat fragmentation at the rehabilitation zone'’s
perimeter, counterbalancing the narrative of an entirely
uniform or stable interior forest ecosystem.

ETFLIN Portfolio

Bird Species Diversity

The analysis of bird species diversity at the study site
indicated a moderate level of diversity (H' = 3.00),
suggesting that the ecosystem provides sufficient
ecological support for a variety of bird species (Table 3).
This condition reflects a relatively balanced ecosystem, as
moderate diversity is typically associated with stable
community structure and functional interactions among
species. The presence of multiple ecological groups
including waterbirds, terrestrial birds, woodpeckers, and
raptors further supports this interpretation, indicating that
the habitat accommodates a wide range of ecological
niches.

Vegetation composition is a key factor influencing
bird diversity, as structurally and floristically diverse
habitats tend to support higher species richness by
providing varied food resources and microhabitats (33).
This relationship is evident in the study area, where
heterogeneous vegetation likely contributes to the
observed diversity patterns.

The evenness index (E = 0.83) was categorized as
high, indicating that individuals were relatively evenly
distributed among species, with no single species
numerically dominating the community. High evenness
generally reflects stable resource availability and reduced
interspecific competition (34). This is consistent with the
low dominance index (C = 0.06), confirming the absence of
dominant species and suggesting a well-balanced
community structure (35).

The species richness index (R = 5.77) was classified as
good, indicating that the study area supports a relatively
high number of species. High richness values are
commonly associated with habitats that offer diverse
resources and environmental conditions suitable for
multiple species. Such conditions reinforce the role of the
study site as a suitable habitat for sustaining bird
communities.

Comparative analysis with another study conducted
within the same national park revealed differences in
diversity values. Research by Kurnia & Mulawi (2023)
reported a higher diversity index, with 50 species from 23
families. These differences may be attributed to variation
in habitat conditions as well as sampling duration, as
longer observation periods generally increase the
likelihood of detecting more species (36). Temporal
factors, including seasonal variation and species migration
patterns, also influence bird diversity, potentially
contributing to differences in observed richness and
diversity across studies.

Bird Feeding Guilds
Bird species recorded in the study area were classified into
six feeding guilds: frugivores, granivores, insectivores,

Table 3. Diversity indices of bird species.

Parameter Value Criteria Category

Diversity index (H') 3.00 1T<H <3 Moderate

Evenness index (E) 0.83 E>06 High

Richness index (R) 5.77 R>4 Good

Dominance index (C) 0.06 C<05 No dominant species
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carnivores, nectarivores, and omnivores (Figure 6). Among
these, insectivores were the most dominant, comprising 18
species  (49%), while nectarivores were the least
represented, with only 2 species (5%). The presence of
diverse feeding guilds indicates that the ecosystem is
capable of providing a wide range of food resources
required to sustain different trophic groups. Such trophic
diversity also reflects the complexity of energy flow and
ecological interactions within the habitat (37).

The dominance of insectivorous birds is a common
pattern in forest ecosystems, where insects constitute a
major and relatively Typak resource base. Globally,
insectivores represent a substantial proportion of bird
communities, often exceeding half of all species. This
dominance is strongly associated with the continuous
availability and diversity of insect prey, which supports a
wide range of foraging strategies, from aerial hawking to
bark gleaning (33). The adaptability of insectivorous birds
to exploit various microhabitats further enhances their
prevalence in such environments.

In  contrast, nectarivorous birds were least
encountered, represented only by Cinnyris jugularis and
Arachnothera longirostra (Figure 6). Their low occurrence
suggests limited availability of flowering plants producing
nectar within the study area. Nectarivores are typically
specialized feeders with narrow ecological niches, highly
dependent on flowering phenology and plant availability
(38). This interpretation is supported by the observation of
only a single flowering plant species, Calliandra
calothyrsus, during the study period. Additionally, the
temporal nature of flowering cycles likely constrains nectar
availability, thereby limiting the presence of nectar-
feeding birds.

Vertical Distribution of Birds Across Vegetation
Strata

Bird species in the study area utilized the full vertical
profile of the forest, ranging from the upper canopy to the
forest floor. The most frequently used vegetation stratum
was Stratum C (4-20 m), which supported 16 species
(25.56%), whereas Stratum B (20-30 m) was the least
utilized, with only 2 species (Figure 7A; Table 1). Birds
observed within these strata exhibited various activities,

including flying, perching, foraging, vocalizing, and
walking.
The high utilization of Stratum C indicates its

ecological importance as a key habitat layer. This stratum
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likely provides optimal structural complexity and resource
availability, supporting diverse bird activities. Mid-level
vegetation offers suitable conditions for shelter from
direct sunlight while maintaining distance from ground-
level threats such as predators and human disturbance. In
contrast, the low use of Stratum B may reflect the limited
availability of trees within the 20-30 m height range,
thereby restricting habitat suitability for many species (24).
Nevertheless, certain species such as Collocalia linchi were
observed in this stratum, likely due to favorable foraging
conditions, including abundant aerial insects and fewer
structural obstructions (39).

Some bird species were recorded utilizing multiple
vegetation strata (Appendix 5), indicating flexibility in
habitat use. This pattern reflects the differing ecological
functions of each stratum and the need for birds to access
various resources for feeding, resting, and nesting. Vertical
stratification is therefore closely linked to resource
partitioning and niche differentiation within  bird
communities (24).

Vertical distribution also corresponded with observed
behavioral patterns. Flying was the most dominant activity,
accounting for 148 individuals (42.9%) (Figure 7B). This
may be associated with the availability of vegetation that
facilitates movement and foraging across the habitat. In
particular, some bird species rely heavily on aerial foraging
strategies, especially insectivores that capture prey while in
flight.

In contrast, walking was the least observed activity,
with only 10 individuals (2.9%). This may be due to
morphological constraints, as not all bird species are
adapted for terrestrial locomotion. Additionally, limited
understory vegetation may reduce opportunities for
ground-based activities and increase exposure to
predators. Ground-level vegetation such as shrubs and
grasses typically provides important cover and foraging
space for terrestrial birds, and its scarcity may further
explain the low frequency of walking behavior.

Conservation Status of Bird Species

Based on the IUCN Red List, several bird species recorded
in the study area fall into threatened categories (see
Figure 8). Two species were classified as Vulnerable (VU),
namely Cochoa azurea and Zosterops melanurus, while
Prinia familiaris was categorized as Near Threatened (NT).
Notably, Garrulax rufifrons was identified as Critically
Endangered (CR), indicating a very high risk of extinction
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Figure 7. Distribution of birds across vegetation strata (A) and comparison of bird activities (B).
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in the wild (Appendix 6). The detection of Garrulax
rufifrons consisted of a small conspecific flock of three
individuals, confirmed simultaneously via distinct acoustic
vocalizations and clear visual contact. The flock was
observed active within Stratum C (approximately 8-12 m
above the ground), actively foraging and moving through
the dense mid-canopy layer of mixed secondary
vegetation. This specific microhabitat utilization highlights
the value of complex middle-canopy structures in
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providing critical refugia for highly threatened endemic
montane species.

The presence of Garrulax rufifrons (Figure 9) is
particularly significant, as this species is known to face
severe threats primarily due to intensive illegal trapping
and its highly restricted distribution in montane forests of
Java. The occurrence of a critically endangered species
highlights the ecological importance of the study area and
underscores the need for improved habitat management
and conservation strategies. Birds are generally highly

—_ NN W W
wm O w»n O W

Number of types
=)

Protected
B Protection Status

[T}

Unprotected

Figure 8. Conservation status of birds based on IUCN categories (A) and protected status of birds based on national
regulation (B).

Figure 9. Garrulax rufifrons.

B

Figure 10. Nisaetus cirrhatus (A) and Spilornis cheela (B).
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responsive to environmental changes, making them
effective indicators of ecosystem condition (40).

In addition to global conservation status, national
protection regulations (Permen LHK No. 106 Tahun 2018)
identified seven protected species in the study area,
including Nisaetus cirrhatus, Spilornis cheela, Megalaima
armillaris, Hydrornis guajanus, Rhipidura javanica, Garrulax
rufifrons, and Cochoa azurea (Appendix 6). These species
are protected due to factors such as declining population
trends, limited distribution, and endemicity. For example,
Cochoa azurea is an endemic species with a restricted
distribution in montane forests of Java, making it
particularly vulnerable to habitat disturbance.

Interestingly, some species such as Nisaetus cirrhatus
and Spilornis cheela are classified as Least Concern (LC) by
the IUCN but are still protected under national regulations
due to ongoing threats including deforestation, habitat
degradation, and hunting pressure. The presence of
protected raptors indicates a relatively intact trophic
structure, as these species play a crucial role in
maintaining ecological balance by regulating prey
populations. Nisaetus cirrhatus and Spilornis cheela
observed in the study area can be seen in Figure 10.

Conversely, Zosterops melanurus (VU) and Prinia
familiaris (NT) are not currently protected under national
regulations despite showing declining population trends.
Their conservation status is largely driven by habitat loss
and exploitation for the wildlife trade. This discrepancy
between global and national conservation status suggests
the need for reassessment and strengthened conservation
measures. Effective strategies may include habitat
protection, regular population monitoring, and control of
illegal hunting to prevent further population declines
(41). Zosterops melanurus (VU) and Prinia familiaris (NT)
observed during the study can be seen in Figure 11.

Conclusion

The forest rehabilitation efforts at the PTN Tapos Resort
have successfully fostered a stable and ecologically
functional avian community, demonstrating an effective
transition from a former production forest to a viable
conservation zone. The documentation of 37 bird species,
characterized by moderate biodiversity, high species
evenness, and low dominance, indicates a balanced

ETFLIN Portfolio

ecosystem  with  optimal  resource  partitioning.
Furthermore, the presence of diverse trophic guilds,
alongside eight Indonesian endemic and several globally
threatened species, underscores the critical role of this
recovering habitat as a vital wildlife refuge. Consequently,
these findings empirically validate the current ecological
restoration strategies and highlight the necessity for
continuous habitat protection to ensure long-term
avifaunal conservation.
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