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Abstract

Environmentally Sensitive Areas (ESA) refer to areas that are of critical importance in
terms of ecosystem services such as goods, services and life-support systems, such as
water purification, pest control and erosion regulation. In addition, they also refer to areas
that harbour the wealth of the nation’s biodiversity. However, the classification of ESA in
Malaysia is incomprehensible and lacks weightage on biological elements as the current
classification is more centred on physical attributes. In order to enhance the existing
classification of ESA by introducing biological elements, biological data are urgently
required, especially for forest reserves and protected habitat. Hence, we conducted
understorey birds surveys in three ESA rank Il permanent forest reserves, located in
northern Selangor as baseline information to strengthen the ESA classification. The
surveys were carried out using mist-netting in three 400 m x 200 m plots. Alpha diversity
indices were calculated and showed a significant difference in terms of diversity,
composition and biomass of understorey birds between investigated sites. Analysis of
similarity (ANOSIM) showed that bird assemblages from forest reserves designated as
ESA rank Il in Selangor, based on disturbances levels, have weakly diverged and SIMPER
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analysis has identified six species that contributed to 60% of the differences amongst the
bird assemblages. The finding provides the first insight into understorey birds of the study
sites and the importance of conserving and preserving ESA of permanent forest reserves,
especially the small and fragmented forests.
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Introduction

Anthropogenic disturbances resulting in habitat loss, reduction and extinction of
biodiversity impose immense pressures on the integrity of natural ecosystems and
jeopardise the quality of basic needs, such as clean air and water (Herrera-Silveira and
Morales-Ojeda 2009, Dearborn and Kark 2010). Comprehensive landscape planning is
vital to create a quality environment as most of the ecosystem services are dependent on
the land cover which is influenced, to a large extent, by land use (Festus 2014). Negative
impacts induced by human activities should be mitigated urgently with integrated
approaches and techniques to ensure the sustainable use of natural resources and
functions of ecological services (lgnatieva et al. 2010). One of the land-use-based
approaches that are being practised worldwide is the implementation of Environmentally
Sensitive Areas (ESA). This concept was first introduced in the United Kingdom through
the Agriculture Act 1986, where specific environments of national interest, such as areas of
importance to environmental health and areas threatened by farming practices (MAFF
1989) were targeted. In the USA, ESA refers to a piece of land set aside to protect
particular natural environments, such as recreational areas, wilderness areas, wildlife
refuges and historic sites (Watson et al. 1995).

Malaysia employs a similar ESA approach and its definition depends on the type of
governance framework. The Department of Environment (DoE) describes ESA as an area
that requires special attention before the approval of development in a particular place and
adjacent areas (Jabatan Alam Sekitar 1993). The Department of Town and Country
Planning Peninsular Malaysia (PLANMalaysia) expounds ESAs from a land-use planning
perspective and defines them as “...a special area that is very sensitive to any form of
change to its ecosystem due to natural processes or activities in or around it, either directly
or indirectly, where its level of sensitivity is determined based on the integration of
elemental features like disaster risk, life support value as well as the value of the area's
natural treasure and heritage” (Jabatan Perancangan Bandar dan Desa 2017). In 1998, the
National Physical Plan identified ten categories of landscapes that fall under ESA and
these include forest reserves, highlands and slopes, catchment areas and wildlife
protection (Jabatan Perancangan Bandar dan Desa 1998), thus forming an integrated
network of ESAs with its major functions being the provision of life support services and
heritage values, as well as risk-associated hazards. Implementation of ESA in Malaysia
became mandatory with the Second and Third National Physical Plans (NPP) requiring
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each State in the Peninsular to identify such areas in their respective jurisdiction in order to
ensure more sustainable development. ESAs under NPP has three ranks, i.e. ESA Rank |,
Il and Il (Table 1). Its implementation is guided by a comprehensive set of guidelines for
the conservation and development planning issued for each of the ten categories (Jabatan
Perancangan Bandar dan Desa 2017). Arising from this, all the States in the Peninsular
have included ESAs in their State Structural Plan and local plans.

Table 1.

ESA ranks based on the 2" National Physical Plan of Malaysia.

Rank Descriptions

ESA Rank No development, agriculture or logging shall be permitted, except for low-impact nature tourism,
| research and education.

ESA Rank No development or agriculture. Sustainable logging and low impact nature tourism may be permitted
1] subject to local constraints.

ESA Rank Controlled development whereby the type and intensity of the development shall be strictly controlled
1] depending on the nature of the constraints.

The identification of the Malaysian ESA is primarily based on physical attributes, such as
degree of slope, elevation and risk of hazards with no biological or ecological component
included (Shahfiz et al. 2021). Clearly, there is a need to improve this glaring omission, in
order to meet its prescribed aim. When considering the inclusion of biological and
ecological components for strengthening the ESA classification, data on species diversity,
abundance, distribution, species composition or types of assemblages and threat status
are the logical first requirements. Yet, such biological information in Malaysia is still scarce
and requires continuous documentation on various aspects of biological components.
Hence, this study was conducted on bird diversity in the State of Selangor, aiming to
establish such data. Birds are essential to the ecosystem because they serve as pollinators
and seed dispersers (Nason 1992). Furthermore, birds are good predictors of the current
state of the forests' well-being (Zakaria et al. 2005) including disturbance (Barlow et al.
2006), floral composition and food availability because they are highly sensitive to changes
in vegetation structure and composition (Barlow et al. 2006, Zakaria et al. 2013).
Furthermore, they can signify long-term environmental disturbances, such as urbanisation,
air pollution and landscape alteration (Sidra et al. 2015).

The State of Selangor, being the most populous and advanced state in Peninsular
Malaysia, is home to a remarkable number of bird species, accounting for 74% of the total
bird species found in the entire country. Amongst these bird species, 38 are globally-
threatened, including the Mountain Peacock-pheasant (Polyplectron inopinatum), Short-
toed Coucal (Centropus rectunguis), Masked Finfoot (Heliopais personatus) and Helmeted
Hornbill (Rhinoplax vigil), as identified by Clements et al. (2021). As of 2021, the estimated
human population of Selangor is approximately 6.5 million. With a high rate of urbanisation,
Selangor has witnessed significant development, including high-rise buildings, highways
and industrial complexes. Hence, there is a potential risk of significant impact on the
biodiversity within the State. High-paced developments can cause habitat loss,
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fragmentation and degradation, which can lead to a decline in the number and diversity of
species. Therefore, it is important to implement effective conservation measures and
sustainable development practices to mitigate the potential negative impacts of these
developments on the biodiversity of Selangor, especially on the bird diversity. However,
data on the bird diversity, composition and distribution are still scarce across the forest
reserves in Selangor. To initiate the inclusion of biodiversity into ESA, this understorey bird
study aimed to: (1) document the species richness in three ESA sites within Selangor; (2)
compare the diversity, composition and biomass of bird assemblages between ESAs; and
(3) investigate the differences in bird assemblages with other ESA Forest Reserves in
Selangor, based on land-use changes.

Materials and Method

Study Sites

For the present study, three ESA sites were chosen - Bukit Kutu Forest Reserve (BKFR),
Gading Forest Reserve (GFR) and Bukit Tarek Forest Reserve Extension (BTE). These
sites are lowland tropical rainforests that have an elevation range of 100 m up to 1650 m
above sea level. The sites selected for the present study are in ESA Rank Il under the
State Structural Plan of Selangor 2020.
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Figure 1. E&3

Locations of study sites of understorey birds in Gading Forest Reserve, Bukit Kutu Forest
Reserve and Bukit Tarek Forest Reserve (E).

Amongst the selected sites, Bukit Kutu Forest Reserve (BKFR) is situated along the
Titiwangsa Range and is surrounded by other forest reserves like Semangkok FR and
Batang Kali FR. It covers an area of 6,452 ha of lowland and hill dipterocarp forest with an
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elevation ranging from 250-1053 m a.s.l. Established as a wildlife reserve in 1992, it was
later gazetted as a part of the Selangor State Park (SSP). BKFR is a popular destination
for hikers and visitors and there are a few Orang Asal villages located at its entry. The
study plot in BKFR comprises a mixture of forest trees and fruit trees, such as durians
(Durio spp.), jackfruit (Artocarpus heterophyllus), mangosteen (Garcinia mangostana) and
rambutan (Nephelium lappaceum) that are cultivated for sale.

Another selected site, Gading Forest Reserve (GFR), is one of the largest forest
complexes in Selangor and is situated along the Titiwangsa Range. It covers an area of
about 19,034.8 ha and the highest peak is about 1650 m. The plots in GFR and BKFR are
located approximately 20 km apart and connected via Semangkok Forest Reserve (west-
south of GFR). GFR is double-gazetted as a part of the Selangor State Park and is an
important water catchment area that is entirely protected. GFR is predominantly covered
with dense and matured vegetation of lowland and hill dipterocarps. There is no
development or agriculture activity within a 0.5 km radius of the study plot.

Finally, Bukit Tarek Forest Reserve Extension (BTE) abuts Bukit Tarek FR and is located
10 km south of GFR and 15 km west of BKFR. It covers an area of 3,560 ha of forest that
is significantly fragmented and surrounded by rubber and palm-oil plantations. Unlike
BKFR and GFR, BTE is located outside the Selangor State Park (Fig. 1).

Understorey bird inventory

We defined understorey as the strata under the forest canopy with height from forest
ground up to 5-6 m. We conducted the understorey bird inventory from early 2016 until
April 2019. A total of ten mist-nets sized (12 x 2.5 m) were deployed in a 400 x 200 m plot
in each study site in the respective forest reserve. Each sampling session was conducted
for five consecutive days (duration) and a total of seven sampling sessions were carried
out within each plot. Each mist-net was fixed to a pair of collapsible poles with heights of
3-5 m. All the nets were fixed at potential fly paths within the plot. Each net was checked
every two hours starting from 06:30 to 11:00 hours and then from 19:30 to 22:30 hours
daily. The total effort for the mist-net was 2,800 net hours per site. All captured birds were
carefully removed from the mist-net and temporarily placed in a cloth bag prior
examination.

Then, the captured birds were measured morphologically and weighed, identified up to
species level, photographed and released back to the point of capture to reduce
disturbance of their daily routines. The recorded measurements were tarsus length, bill
length, bill width, bill depth, head bill, total length, tail length, wing length, wingspan and
weight body. Bird classification and nomenclature follow Jeyarajasingam and Pearson
(2012) and Robson (2020). Several specimens were curated representing each species
that were recorded. The specimens were stored in 70% ethanol and deposited into the
Zoological Collection of Forest Research Institute Malaysia (FRIM), Kuala Lumpur. This
research was approved by the Department of Wildlife and Parks (DWNP) Peninsular
Malaysia under research permit P9.2/21/2023.
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Species diversity, composition and biomass

An individual-based rarefaction curve was plotted for the three study sites to determine the
completeness of the sampling efficiency (Gotelli and Colwell 2001). We chose an
individual-based- instead of a sample-based approach because our primary interest was to
estimate and compare species richness (the total number of species at a particular site)
rather than species density (the number of species per unit area) (Colwell et al. 2012).

We calculated and compared species diversity for understorey birds in the three sites using
four different indices, namely, species richness, Shannon-Wiener diversity, Evenness and
Dominance. We used the Chao 1 estimator to evaluate the total species richness expected
in an area which includes species that are not caught during the survey in each study site.
We also conducted t-test analysis for Shannon-Wiener and Simpson indices to explain the
differences in species composition between sites.

To compare the biomass of understorey birds amongst study sites, the birds were first
categorised into three trophic guilds, namely omnivorous, insectivorous and frugivorous.
Then, we multiplied the mean live weight of each species with the number of individuals
found in the respective sites (Johnson et al. 2011).

Table 2.

The locations and details of three selected environmentally sensitive areas and additional forest
reserves located in Selangor. The level of disturbance in study sites and additional forest reserves
were categorised, based on following four major activities: 1 = villages, 2 = hiking/tourist spot, 3 =
mixture vegetation and 4 = oil palm/rubber plantation.

Sites Coordinates Study Activities Level of
D
1234 isturbance

GFR 3°37'43.35"N, Present Study Fair
101°37'16.64"E

BTE 3°31'22.86"N, N N v Poor
101°36'27.00"E

BKFR 3°3320.8"N, NN Mild
101°44'19.5"E

Sg Lalang FR 2°57'N, 101°54'09"E Lim et al. (2009) R Mild

Sg Congkak Recreational Forest  3°12'42.32"N, Bakri et al. (2016) 3 Fair
101°50'36.46"E

Bukit Broga FR 2°57'N, 101°54'09"E Lim et al. (2009) N v Poor

Hulu Langat FR (Pangsun and 3°13'N, 101°52'E Shafawati and Md- LR Mild

Gunung Nuang) Nor (2009)
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Comparison of understorey bird assemblage

We compared the current findings with other bird assemblages from four other Forest
Reserves in Selangor. These Reserves are ESA Rank Il in the Selangor State Structural
Plan (SSP). We categorised each Reserve based on the types of human activities that
occur in and adjacent to the Reserves. The highest level of disturbance was given to BTE
and Bukit Broga FR, followed by BKFR and Sg Lalang FR in decreasing order (Table 2).
The presence/absence data for birds in these four sites were acquired from secondary
sources. An analysis of similarity (ANOSIM), based on presence/absence, was performed
to test the patterns of species composition amongst the seven Forest Reserves, based on
three categories. The ANOSIM procedure is a non-parametric permutation test that is
analogous to an ANOVA for similarity matrices (Clarke and Warwick 2001) to test whether
predefined classes differ in mean similarities/dissimilarities. A similarity percentage
(SIMPER) analysis was also used to examine the contribution of each species towards the
differences detected in the comparison between the Forest Reserves. All the analysis were
conducted using R package Vegan (Oksanen et al. 2019) and iNext Package (Chao et al.
2014, Hsieh et al. 2020) in Rstudio platform (RStudio Team 2021).

Results

Species diversity, composition and biomass

A total of 225 individuals, from 67 species and 23 families, were captured with the highest
number recorded in GFR (131 individuals from 46 species), followed by BTE (54
individuals from 33 species) and BKFR (40 individuals from 22 species) (Table 3). Of the
67 species recorded, two species were categorised as Vulnerable (VU), 13 were Near
Threatened (NT) and the rest were Least Concern (LC) under the IUCN Red List of
Threatened Species (IUCN 2022).

Table 3.

Understorey bird diversity and numbers recorded in GFR, BTE and BKFR and their IUCN Red List
status. Birds from additional four Forest Reserves were indicated based on presence and absence
data (X/-=presence/absence). SCFR= Sg Congkak Recreational Forest, BBFR= Bukit Broga Forest
Reserve, SLFR= Sg Lalang Forest Reserve and HLFR= Hulu Langat Forest Reserve (Pangsun and
Gunung Nuang).

Species Common Name BTE GFR BKFR SCRF BBFR SLFR HLFR IUCN
Status

Accipitriformes
Spilornis cheela Crested Serpent-eagle 0 0 0 - X X - LC
Nisaetus cirrhatus Changeable Hawk-eagle 0 0 0 - - X - LC

Nisaetus alboniger Blyth's Hawk-eagle 0 0 0 - - X - LC



Species

Accipiter gularis
Bucerotiformes
Bucerotidae

Buceros rhinoceros
Rhinoplax vigil
Anorrhinus galeritus
Berenicornis comatus

Rhabdotorrhinus

corrugatus
Caprimulgiformes
Apodidae

Apus affinis

Rhaphidura leucopygialis

Cypsiurus balasiensis
Caprimulgidae
Lyncornis temminckii
Caprimulgus macrurus
Caprimulgus affinis
Hemiprocnidae
Hemiprocne longipennis
Hemiprocne comata

Podargidae

Batrachostomus javensis

Columbiformes
Columbidae
Chalcophaps indica

Treron curvirostra

Treron vernans

Macropygia unchall

Munian K et al

Common Name

Japanese Sparrowhawk

Rhinoceros Hornbill
Helmeted Hornbill
Bushy-crested Hornbill
White-crowmed Hornbill

Wrinkled Hornbill

Little Swift
Silver-rumped Spinetail

Asian Palm-swift

Malay Eared-nightjar
Large-tailed Nightjar

Savanna Nightjar

Grey-rumped Treeswift

Whiskered Treeswift

Horsfield's Frogmouth

Common Emerald Dove

Thick-billed Green-

pigeon

Pink-necked Green-

pigeon

Barred Cuckoo-dove

BTE GFR BKFR

0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
1 0 0
0 0 0
1 0 0
0 0 0
0 0 0
0 0 0
1 6 1
0 0 0
0 0 0
0 0 0

SCRF BBFR SLFR HLFR IUCN

Status
- - - - LC
- X X - VU
- - X - CR
- - X - NT
- - X - EN
- - X - VU
- X X - LC
- X X - LC
- X X - LC
- - - - LC
- X - - LC
- - - - LC
- X X - LC
- X X - LC
- - X - LC
X X X X LC
- X X - LC
- X - - LC
- - - - LC
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Species

Coraciiformes
Alcedinidae

Alcedo peninsulae

Alcedo meninting

Actenoides concretus

Ceyx erithaca

Lacedo pulchella
Halcyon coromanda
Todiramphus chloris
Coraciiformes
Meropidae

Merops philippinus
Merops viridis
Nyctyornis amictus
Cuculiformes
Cuculidae
Centropus sinensis

Phaenicophaeus

curvirostris
Cacomantis sepulcralis
Cuculus micropterus
Cacomantis sonneratii
Cacomantis merulinus

Chrysococcyx

xanthorhynchus

Surniculus lugubris

Phaenicophaeus diardi

Common Name

Malay Blue-banded
Kingfisher

Blue-eared Kingfisher

Rufous-collared

Kingfisher

Rufous-backed

Kingfisher
Banded Kingfisher
Ruddy Kingfisher

Collared Kingdfisher

Blue-tailed Bee-eater
Blue-throated Bee-eater

Red-bearded Bee-eater

Greater Coucal

Chestnut-breasted
Malkoha

Rusty-breasted Cuckoo
Indian Cuckoo

Banded Bay Cuckoo
Plaintive Cuckoo

Violet Cuckoo

Square-tailed Drongo-

cuckoo

Black-bellied Malkoha

BTE GFR BKFR

0 0 3
1 0 0
1 1 1
0 1 2
0 0 0
0 0 0
0 0 0
1 0 0
0 0 0
0 0 1
0 0 0
1 1 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

SCRF

BBFR SLFR
- X
- X
- X
X X
X -
- X
X X
- X
X X
X X
X X
X X
X X
X X
- X

HLFR IUCN
Status



Species

Rhinortha chlorophaea
Zanclostomus javanicus
Falconiformes
Falconidae
Microhierax fringillarius
Falco peregrinus
Galliformes
Phasianidae

Gallus gallus
Argusianus argus
Gruiformes

Rallidae

Amaurornis phoenicurus

Passeriformes
Aegithinidae

Aegithina viridissima
Aegithina lafresnayei
Alcippeidae

Alcippe peracensis
Calyptomenidae
Calyptomena viridis
Campephagidae
Pericrocotus igneus
Lalage fimbriata
Pericrocotus flammeus
Cisticolidae
Orthotomus atrogularis
Orthotomus sutorius

Prinia rufescens

Munian K et al

Common Name

Raffles's Malkoha

Red-billed Malkoha

Black-thighed Falconet

Peregrine Falcon

Red Junglefowl

Great Argus

White-breasted

Waterhen

Green lora

Great lora

Mountain Fulvetta

Green Broadbill

Fiery Minivet

Large Cuckooshrike

Scarlet Minivet

Dark-necked Tailorbird

Common Tailorbird

Rufescent Prinia

BTE GFR BKFR

0 0 0
o 0 o0
0 0 o0
0 0 0
0 0 0
0 0 0
0 0 0
10 0
0 0 0
0 0 0
0o 1 4
0 0 0
0 0 0
0 0 0
o 1 0
0 0 0
0o 0 o0

SCRF

BBFR SLFR
- X
- X
X -
X -
- X
X X
X X
- X
X X
- X
X X
X X
X X
X -

HLFR IUCN
Status

- LC

- LC
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Species

Orthotomus sericeus
Orthotomus ruficeps
Prinia flaviventris
Chloropseidae

Chloropsis

cochinchinensis
Chloropsis cyanopogon
Chloropsis sonnerati
Dicaeidae

Prionochilus percussus

Prionochilus maculatus

Dicaeum trigonostigma

Dicaeum chrysorrheum

Dicaeum minullum

Dicaeum everetti

Dicruridae
Dicrurus aeneus
Dicrurus annectens

Dicrurus paradiseus

Dicrurus macrocercus

Dicrurus remifer

Estrildidae
Lonchura striata
Eurylaimidae

Eurylaimus javanicus

Common Name

Rufous-tailed Tailorbird
Ashy Tailorbird

Yellow-bellied Prinia

Blue-winged Leafbird

Lesser Green Leafbird

Greater Green Leafbird

Crimson-breasted

Flowerpecker

Yellow-breasted

Flowerpecker

Orange-bellied

Flowerpecker

Yellow-vented

Flowerpecker
Plain Flowerpecker

Brown-backed

Flowerpecker

Bronzed Drongo
Crow-billed Drongo

Greater Racquet-tailed

Drongo
Black Drongo

Lesser Racquet-tailed

Drongo

White-rumped Munia

Banded Broadbill

BTE GFR BKFR

0 0 0
0 0 0
1 0 0
0 0 0
0 0 0
0 0 0
1 3 2
0 1 0
0 0 0
0 0 0
0 0 0
0 0 0
0 1 0
0 0 1
2 1 1
0 0 0
0 0 0
0 0 0
0 0 0

SCRF

BBFR SLFR
- X
-
X X
- X
X X
- X
- X
X X
- X
- X
< x
X -
- X

HLFR IUCN
Status

X LC

- LC

- LC



Species

Eurylaimus ochromalus

Corydon sumatranus
Psarisomus dalhousiae
Hirundinidae

Hirundo rustica
Hirundo tahitica
Laniidae

Lanius tigrinus

Irenidae

Irena puella
Monarchidae

Terpsiphone paradisi

Hypothymis azurea
Motacillidae
Motacilla cinerea
Muscicapidae

Anthipes solitaris

Copsychus saularis
Cyornis banyumas

Cyornis brunneatus

Cyornis glaucicomans

Cyornis rufigastra

Cyornis magnirostris
Cyornis concretus
Cyornis rubeculoides

Cyornis tickelliae

Munian K et al

Common Name

Black-and-yellow
Broadbill

Dusky Broadbill

Long-tailed Broadbill

Barn Swallow

Tahiti Swallow

Tiger Shrike

Asian Fairy-bluebird

Asian Paradise

Flycatcher

Black-naped Monarch

Grey Wagtail

Rufous-browed

Flycatcher
Oriental Magpie Robin
Hill Blue Flycatcher

Brown-chested Jungle-

flycatcher
Chinese Blue-flycatcher

Mangrove Blue-

flycatcher

Large Blue-flycatcher
White-tailed Flycatcher
Blue-throated Flycatcher

Tickell's Blue Flycatcher

BTE GFR BKFR

0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
1 0 0
0 0 0
2 0 0
0 1 0
0 0 0
0 0 0
0 0 0
0 0 0
0 1 0
0 1 0
1 0 0
1 0 0
0 0 0
0 0 0
0 0 0

SCRF

BBFR

SLFR

HLFR IUCN
Status

- NT

X LCLC
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Species

Ficedula dumetoria

Ficedula mugimaki
Ficedula superciliaris
Larvivora cyane
Kittacincla malabarica
Enicurus leschenaulti
Enicurus ruficapillus
Eumyias thalassinus
Myiomela leucura
Monticola solitarius
Muscicapa dauurica
Muscicapa sibirica

Muscicapa williamsoni

Nectariniidae
Aethopyga temminckii
Aethopyga saturata
Anthreptes simplex
Anthreptes rhodolaemus

Arachnothera affinis

Arachnothera flavigaster

Arachnothera

chrysogenys

Arachnothera modesta

Arachnothera longirostra
Arachnothera robusta
Chalcoparia singalensis

Cinnyris jugularis

Common Name

Rufous-chested

Flycatcher

Mugimaki Flycatcher
Ultramarine Flycatcher
Siberian Blue Robin
White-rumped Shama
White-crowned Forktail
Chestnut-naped Forktail
Verditer Flycatcher
White-tailed Blue Robin
Blue Rock-thrush

Asian Brown Flycatcher
Dark-sided Flycatcher

Brown-streaked

Flycatcher

Temminck's Sunbird
Black-throated Sunbird
Plain Sunbird
Red-troated Sunbird

Streaky-breasted
Spiderhunter

Spectacled Spiderhunter

Yellow-eared

Spiderhunter

Grey-breasted
Spiderhunter

Little Spiderhunter
Long-billed Spiderhunter
Ruby-cheeked Sunbird

Olive-backed Sunbird

BTE GFR BKFR

0 0 1
0 0 0
0 0 0
3 6 1
1 2 0
0 3 0
0 0 0
0 0 0
0 0 0
0 1 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 1 2
4 13 6
1 0 0
0 0 0
0 0 0

SCRF

BBFR SLFR HLFR IUCN

Status
- - X LC
- - X LC
- - X LC
- - X LC

LC
- - - LC
- X X NT
X X - LC
- - X LC
- - - LC
- - - LC
- - - LC
- - X NE
- X - LC
- - - LC
X X - LC
- X - NT
X X X LC
- X - LC
- X - LC
- - X LC
X X X LC
X X X LC
- X - LC
- - X LC
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Species

Kurochkinegramma

hypogrammica
Leptocoma brasiliana
Leptocoma sperata
Oriolidae

Oriolus xanthonotus
Paridae

Melanochlora sultanea
Pellorneidae
Malacocincla abbotti
Malacopteron albogulare
Malacocincla sepiaria
Pellorneum capistratum
Pellorneum malaccense

Pellorneum

nigrocapitatum
Malacopteron cinereum

Malacopteron

magnirostre
Pellorneum rostratum
Pellorneum tickelli
Phylloscopidae
Phylloscopus borealis

Phylloscopus coronatus

Pycnonotidae
Alophoixus bres
Brachypodius atriceps
lole charlottae

lole propinqua

Pycnonotus simplex

Munian K et al

Common Name

Purple-naped Sunbird

Van Hasselt's Sunbird

Purple-throated Sunbird

Dark-throated Oriole

Sultan Tit

Abbott's Babbler
Grey-breasted Babbler
Horsfield's Babbler
Rufous-browed Babbler
Short-tailed Babbler

Black-capped Babbler

Scaly-crowned Babbler

Moustached Babbler

White-chested Babbler

Buff-breasted Babbler

Arctic Warbler

Eastern Crowned
Warbler

Brown-cheeked Bulbul
Black-headed Bulbul
Buff-vented Bulbul
Grey-eyed Bulbul

Cream vented Bulbul

BTE GFR BKFR

2 2 0
0 1 0
0 1 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
1 3 0
0 1 0
0 1 0
0 0 0
1 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 3 0
0 6 0
0 2 0
5 5 0

SCRF BBFR SLFR

HLFR IUCN
Status

X LC

LC

X LC

X LCLC
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Ixidia cyaniventris
Ixos malaccensis
Ixos mcclellandii

Brachypodius

priocephalus
Alophoixus tephrogenys
Tricholestes criniger
Alophoixus ochraceus
Pycnonotus plumosus
Euptilotus eutilotus
Hemixos flavala
Pycnonotus brunneus
Pycnonotus finlaysoni
Pycnonotus pallidus
Pycnonotus zeylanicus
Ixidia erythropthalmos
Ixidia squamata

Alophoixus

phaeocephalus
Rubigula melanictera
Rhipiduridae

Rhipidura perlata
Rhipidura albicollis
Scotocercidae
Abroscopus superciliaris
Sittidae

Sitta frontalis
Stenostiridae

Culicicapa ceylonensis

Sturnidae

Common Name

Grey-bellied Bulbul
Streaked Bulbul
Mountain Bulbul

Grey-headed Bulbul

Grey-cheeked Bulbul
Hairy-backed Bulbul
Ochraceous Bulbul
Olive-winged Bulbul
Puff-backed Bulbul
Ashy Bulbul
Red-eyed Bulbul
Stripe-throated Bulbul
Puff-throated Bulbul
Straw-headed Bulbul
Spectacled Bulbul
Scaly-breasted Bulbul

Yellow-bellied Bulbul

Black-capped Bulbul

Spotted Fantail

White-throated Fantail

Yellow-bellied Warbler

Velvet-fronted Nuthatch

Grey-headed Canary-
flycatcher

BTE GFR BKFR

0 1 0
0 0 0
0 0 0
1 4 0
0 2 0
8 3 1
0 1 0
1 5 1
0 1 0
0 0 0
2 1 1
0 0 0
0 0 0
0 0 0
1 2 0
0 0 0
0 12 1
0 0 0
0 0 0
0 0 0
0 0 1
0 0 0
0 2 0

SCRF

BBFR SLFR
- X
- X
X X
X -
X X
X X
X -
X X
X X
- X
X X
- X
- X

HLFR IUCN
Status

- NT

- NT

- LC

- NT

X LC

X LC

X CR

X LC

- LCLC
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Species

Aplonis panayensis
Gracula religiosa
Timaliidae

Erythrogenys hypoleucos

Pomatorhinus schisticeps

Stachyris nigricollis

Stachyris maculata

Stachyris nigriceps

Cyanoderma

erythropterum

Macronus ptilosus

Stachyris poliocephala
Mixornis gularis
Vangidae

Philentoma pyrhoptera

Hemipus picatus

Hemipus hirundinaceus

Tephrodornis virgatus
Vireonidae

Erpornis zantholeuca
Zosteropidae
Zosterops everetti
Piciformes
Indicatoridae

Indicator archipelagicus

Megalaimidae

Munian K et al

Common Name

Asian Glossy Starling

Common Hill Myna

Large-scimitar Babbler

White-browed Scimitar-
babbler

Black-throated Babbler

Chestnut-rumped
Babbler

Grey-throated Babbler

Chestnut winged
Babbler

Fluffy-backed Tit-
babbler

Grey-headed Babbler

Pin-striped Tit-babbler

Rufous-winged

Philentoma

Bar-winged Flycatcher-

shrike

Black-winged

Flycatcher-shrike

Large Woodshrike

White-bellied Erpornis

Everett's White-eye

Malaysian Honeyguide

BTE GFR BKFR

0 1 0
0 0 0
0 0 0
0 0 0
1 0 0
1 0 0
0 0 0
2 3 0
1 2 0
0 0 4
1 0 0
0 2 2
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

SCRF

BBFR SLFR HLFR IUCN
Status
- - - LC
X X X LC
- - - LC
- - - LC
- - - NT
- X X NT
- - X LC
- X - LC
X X X NT
- X X LC
X X X LC
- X X LC
- X - LC
X X - LC
X X - LC
- X X LC
X - - LC
- - X NT
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Psilopogon chrysopogon

Psilopogon

mystacophanos
Psilopogon australis
Caloramphus fuliginosus
Picidae

Blythipicus rubiginosus
Blythipicus pyrrhotis

Chrysophlegma mentale

Chrysophlegma

miniaceum

Chrysocolaptes validus

Hemicircus concretus

Hemicircus sordidus

Meiglyptes tukki

Meiglyptes tristis

Micropternus brachyurus

Picus puniceus

Sasia abnormis
Psittaciformes
Psittacidae

Loriculus galgulus

Strigiformes
Strigidae

Bubo sumatranus

Common Name

Gold-whiskered Barbet

Red-throated Barbet

Blue-eared Barbet

Brown Barbet

Maroon Woodpecker
Bay Woodpecker

Checker-throated
Woodpecker

Banded Woodpecker

Orange-backed
Woodpecker

Red-crested

Woodpecker

Grey-and-buff
Woodpecker

Buff-necked
Woodpecker

White-rumped
Woodpecker

Rufous Woodpecker

Crimson-winged

Woodpecker

Rufous Piculet

Blue-crowned Hanging-

parrot

Barred Eagle-owl

BTE GFR BKFR

0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 1
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 1 0

SCRF

BBFR SLFR
X X
- X
X X
X X
X X
X X
- X
- X
X X
X X
- X
- X
X X
- X

HLFR IUCN
Status

- LC

- NT
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Species Common Name BTE GFR BKFR SCRF BBFR SLFR HLFR IUCN
Status
Otus lettia Collared Scops-owl 0 3 0 - - - - LC
Otus sunia Oriental Scops-owl 0 1 0 - - - - LC
Otus bakkamoena Indian Scops-owl 0 0 0 - X X X LC
Otus spilocephalus Mountain Scops-owl 0 0 0 - - - - LC
Phodilus badius Oriental Bay-owl| 0 0 0 - - - X LC

Trogoniformes

Trogonidae

Harpactes diardii Diard's Trogon 0 0 0 - - X - NT
Harpactes duvaucelii Scarlet-rumped Trogon 0 0 0 - - X X NT
Harpactes kasumba Red-naped Trogon 0 0 0 - - - - NT

Total Individuals 54 131 40

Based on the Shannon-Wiener index, GFR recorded the highest value (H = 3.43), followed
by BTE with a value of H = 3.24 and BKFR gave the lowest value of H = 2.84). The index
indicates that the community of understorey birds in GFR is abundant and evenly
distributed amongst the species recorded compared to BKFR and BTE. Meanwhile, the
understorey birds in BKFR were valued highest for Dominance (D = 0.0071) and Evenness
indices (E = 0.815). The Evenness index varies from 0 (highest dominance by a single
species) to 1 (all species have the same abundance) (Buzas and Hayek 2005).
Interestingly, BTE recorded moderate values for the diversity indices investigated (H =
3.24, D = 0.054 and E = 0.774), even though the Forest Reserve is the most disturbed
compared to other study sites (Table 4).

Table 4.
Diversity of understorey birds in three selected environmentally sensitive areas of permanent forest

reserves in northern region of Selangor.

Sites Relative Abundance (%) Richness (S) Shannon (H') Dominance (D) Evenness Chao1

BTE 24 33 3.24 0.054 0.774 79
GFR 58.2 46 3.43 0.047 0.673 69.3
BKFR 17.8 21 2.84 0.071 0.815 34.2

By comparison between the observed and estimated species richness (based on the Chao
1 estimator), the efforts invested in the survey only managed to recover approximately 44%
to 66% of species in all three study sites. The individual-based rarefaction curve also
showed that it had yet to reach its asymptote indicating the effort in documenting the
understorey birds in three sites was insufficient (Fig. 2).
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Individual-based rarefaction curves were constructed to evaluate the completeness of the
survey carried out in three sites of ESA in Selangor, Malaysia and the curve revealed
insufficient effort in documenting understorey birds as it had yet to reach its asymptote.

Species under the family Pycnonotidae were the most abundant (14 species), followed by
the family Muscicapidae with nine species and Timaliidae with six species. The most
abundant species was Little Spiderhunter Arachnothera longirostra (10.2%), followed by
Oriental Dwarf Kingfisher Ceyx erithaca (6.7%) and Yellow-Bellied Bulbul Alophoixus
phaeocephalus (5.7%). There are 13 single species (consisting of 5.8%) recorded out of a
total 225 individuals. One-way ANOVA indicated that the abundances of understorey birds
found in three sites were significantly different (F = 6.356, df = 126.4, p = 0.00234). In
GFR, Rufous-backed Dwarf Kingfisher Ceyx erithaca made up the largest proportion
(10.6%) of total individuals captured, followed by Little Spiderhunter Arachnothera
longirostra (9.92%) and Yellow-Bellied Bulbul Alophoixus phaeocephalus (9.12%). In
BKFR, Little Spiderhunter Arachnothera longirostra made up 15.0% of the total individuals
recorded, followed by the Green Broadbill Calyptomena viridis and Grey-headed Babbler
Stachyris poliocephala, each with 10%. Composition of understorey birds in BTE was
largely contributed by the Hairy-backed bulbul Tricholestes criniger (14.8%), Cream-vented
Bulbul Pycnonotus simplex (9.2%) and Little Spiderhunter Arachnothera longirostra (7.2%).

The percent biomass in three trophic guilds of understorey birds varied amongst the
studied sites (Fig. 3). Almost half of the understorey bird biomass in GFR was contributed
by omnivorous species, 30% by frugivorous birds and only 20% constituted by
insectivorous birds. Unlike in BTE, 58% of biomasses of understorey birds recorded were
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insectivorous birds, followed by omnivorous and frugivorous birds with approximately 29%
and 22%, respectively. The biomass of understorey birds in BKFR was almost evenly
distributed amongst omnivorous and insectivorous with 41% and 36%, while frugivorous
birds only contributed about 22% of overall biomass in BKFR.
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2000 Frugivorous
- 1500
2
w
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Figure 3. E&H

The distribution of biomass according to the omnivorous, insectivorous and frugivorous guilds
in the three study sites. In general, the biomass of the omnivorous birds was the highest
compared to other guilds.

Comparison between Understorey Bird Assemblages

ANOSIM analysis, based on the Bray-Curtis model, revealed a weak difference in bird
assemblage composition, based on disturbances (Global R = - 0.0068, p-value = 0.483).
Results of SIMPER showed that approximately 60% of the differences in assemblage
composition were driven by six species, based on three levels of disturbances. They are
Fluffy-backed tit babbler (Macronus ptilosus) which contributes the highest differences
(25.4%), Fiery Minivet (Pericrocotus igneus) and Yellow-bellied Warbler (Abroscopus
superciliaris)(16.7%) (Table 5).

Table 5.

SIMPER percentage (%) contribution of dominant bird species at various levels of disturbances.

Taxon Av. dissim Contrib. % Cumulative %
Fluffy-backed tit babbler (Macronus ptilosus) 20.84 25.45 25.45
Fiery Minivet (Pericrocotus igneus) 13.73 16.77 42.22
Yellow-bellied warbler (Abroscopus superciliaris) 13.7 16.73 58.95

Tiger shrike (Lanius tigrinus) 0.3429 0.4187 59.37
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Taxon Av. dissim Contrib. % Cumulative %
White-breasted Waterhen (Amaurornis phoenicurus) 0.3177 0.3879 59.75
Chestnut-naped Forktail (Enicurus ruficapillus) 0.2875 0.3511 60.11
Discussion

Diversity, composition and biomass of understorey birds

Based on the method of mist-netting, we managed to document 67 (Table 3) species of
understorey birds in three ESA level Il permanent Forest Reserves in Selangor. To the best
of our knowledge, the species compilation presented here is the first insight for bird
diversity in GFR and BTE. Some studies on vertebrates were done in BKFR in 1999 (e.g.
Lim et al. (1999)) and as it is a wildlife reserve, we believe that documentation on
vertebrates in BKFR might be collected by the Department of Wildlife and National Park
(DWNP). The compilation of birds from these three Forest Reserves would serve as
baseline information for relevant authorities in making tangible measures in conserving
biodiversity.

GFR recorded the highest Shannon diversity index compared to BKFR and BTE which is
not entirely surprising noting that it is the largest forest complex in Selangor. The species-
area relationship may explain more species richness found in GFR compared to BKFR and
BTE as area increases diversity. Although the GFR was logged over 30 years ago, it
appears to have the characteristics of an old growth stand due to the presence of large
trees and a dense herbaceous vegetation ground layer. This could potentially provide more
suitable sites for nesting and breeding, as well as a sufficient supply of food and protection
from predators and harsh weather, according to studies by Reid et al. (2004), Diaz et al.
(2005) and Husin and Rajpar (2015). Birds are known to be sensitive to alterations in their
habitat and modifications to the landscape, as evidenced by studies by Sekercioglu et al.
(2002), Raman (2006), Gomes et al. (2008) and Tscharntke et al. (2008).

The diversity indices indicate lowest values for BKFR compared to BTE, which is much
more significantly impaired. BKFR forest is still largely covered by intact vegetation and
well protected mostly due to the presence of mixed vegetation and low impact of human
activities. Such results may be attributed to the survey method. This study relied on mist-
netting and the height of the pole was 3-5 m above the ground. The limited height and
coverage of the net were inadequate to catch understorey birds that occupy different forest
strata and the taller vegetation around the plots made use of only one trapping method less
effective. Another variable that could affect the results is the size and behaviour of certain
understorey birds (Blake and Loiselle 2001, Wang and Finch 2002). Simultaneous use of
multiple approaches such as mist-netting, spot-mapping, point counts and observation of
mixed species flocks, coupled with enough sample replication and extended sampling
period, could improve the results (Gram and Faaborg 1997, Herzog et al. 2002, Derlindati
and Caziani 2005). Based on estimated species richness by the Chao | estimator, the effort
of sampling in the study only managed to document about 60% of the diversity in the study
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sites. With a much longer period of sampling, the chances to document almost the actual
diversity of the understorey birds would be increased. This was proven by local studies
conducted in Peninsular Malaysia with prolonged periods of sampling (Johns 1996,
Lambert 1997, Peh et al. 2005). Amongst the three sites, the BKFR had the most uniform
spread of understorey birds. High species evenness residing in an ecosystem are
represented by almost an equivalent proportion of all the species presented. The value of
the Evenness index of almost one (E = 0.815) shows that the BKFR is ecologically stable
in providing a vast range families of understorey birds inhabiting and surviving successfully.

The family Pycnonotidae (bulbuls) had the highest number of species recorded in all study
sites. A similar trend was also reported by Mansor and Sah (2012), Nor Hashim and Ramli
(2013), Rajpar and Zakaria (2014), Barlow and Peres (2016) and Shafie et al. (2018).
Members of the Pycnonotidae family dominated the understorey habitat of Malaysia's
tropical forest. They are generalist frugivorous species that are ecologically diverse and
occupy a wide array of habitats (Ponpituk et al. 2020). The Bulbuls are particularly
important in the Asian region for their role in seed dispersal, especially in habitats that are
degraded (Sankamethawee et al. 2011, Corlett 2017, Shakya and Sheldon 2017). They
have a high tolerance to temperature and light intensity, are well-known colonisers and
prefer to inhabit logged-over forests (Mohd-Taib et al. 2018). The comparative abundance
of this family in all three Reserves, in particular BTE, is an advantage as it is likely to play a
key role in the regeneration and recovery of vegetation through seed dispersal.

The assemblages in the three study sites were dominated by Little Spiderhunter
(Arachnothera longirostra), Rufous-backed Kingfisher (Ceyx erithaca) and Yellow-Bellied
Bulbul (Alophoixus phaeocephalus). The presence of Little Spiderhunter is common in
tropical secondary forests where wild bananas (Musaceae) and gingers (Zingiberaceae)
flourish and are eaten by birds (Nor Hashim and Ramli 2013). Little Spiderhunter is
recorded from a variety of different habitats that provide a wide range of food sources,
microhabitats and refuge from predation (Khan et al. 2008). The presence of Rufous-
backed Kingfisher is largely linked to the presence of waterbodies, such as lakes and
rivers. All the study plots were located at average distances from either small streams or
fast-flowing rivers. The diet of Kingfisher mainly comprised small fishes, insects and other
higher taxa bird species including frogs. The presence of a large network of rivers in the
GFR directly contributes to the relatively high abundance of Rufous-backed Kingfisher
compared to BTE, where only a moderately-sized stream flows through the Reserve.
Yellow-bellied Bulbul is a generalist frugivorous occupying a vast range of habitats, such as
pristine forests (Nor Hashim and Ramli 2013), secondary forests (Husin and Rajpar 2015),
wetlands (Biun and Buang 2014) and palm-oil plantations (Amit et al. 2014).

The species compositions between study sites are significantly different as shown by
ANOVA analysis. Despite the majority composition was contributed by Little Spiderhunter
Arachnothera longirostra, Rufous-backed Kingfisher Ceyx erithaca and Yellow-Bellied
Bulbul Alophoixus phaeocephalus, BKFR was also presented by the Green Broadbill
Calyptomena viridis and Grey-headed Babbler Stachyris poliocephala, both of which
species were absent in BTE. Presence of these species indicates the evenness of
composition of the understorey birds in BKFR. Additionally, these species are sensitive and
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mainly recorded in primary forests (Ramly and Ramli 2009, Bing et al. 2013, Mohd-Taib et
al. 2018) in Peninsular Malaysia suggesting that BKFR is capable of sheltering a wide
range of understorey birds. While, in BTE, Hairy-backed bulbul Tricholestes criniger and
Cream-vented Bulbul Pycnonotus simplex dominated the habitat.

The biomass of understorey birds differed considerably amongst the three study sites.
Overall, GFR has the largest abundance of understorey birds, followed by BKFR and BTE.
Nevertheless, in the aspect of trophic guilds, the study shows that frugivorous birds were
abundantly distributed compared to insectivorous and omnivorous birds. Similarly, the
biomass of frugivorous birds in GFR was the highest compared to insectivorous and
frugivorous. Frugivorous birds primarily feed on fruits such as figs, berries and fleshy fruits,
although it was observed that many of these birds supplemented their diet with other
animals, mainly insects. By comparison, GFR is denser in terms of vegetation and least
impaired from disturbances. Morante-Filho et al. (2018) hypothesised that assemblages of
frugivorous birds were affected by two factors: vegetation complexity and fruit availability.
Habitats that are covered with more heterogeneous vegetation potentially provide more
niches and offer more diverse ways to exploit different resources, such as nesting sites
and shelter, while greater availability of resources engender higher species richness
(Davies et al. 2007, Ferger et al. 2014). As the sampling period did not coincide with the
fruiting season, the vegetation complexity might contribute to higher frugivorous birds in
GFR.

The biomass in BTE was dominated by insectivorous birds. BTE is bordered by plantations
of palm oil and rubber. In fact, insectivorous birds are sensitive to habitat changes and
disturbances were severally reported by studies in Malaysia (e.g. Moradi et al. (2008),
Mansor and Sah (2012)). A high biomass of insectivorous birds was obtained in BTE as
most of the mist-nets were placed inside the forest and not near to the forest edge or next
to the areas occupied by the plantations. The study by Mansor and Sah (2012) identified
that the higher density of insectivore understorey birds was confined to the forest interior
compared to the forest edge. Apart from that, the availability of food resources in BTE
might contribute to the high occurrence of insectivorous birds with the addition of more
populations of invertebrates (e.g. insects) found in areas of palm oil and rubber plantations.
Other trophic guilds, such as carnivores and piscivores were primarily represented by
predator species such as eagles, owls and kingfishers. Broadly, the biomass of other guild
birds was the lowest as these predators were present in low numbers. They are the top
predators in the food chain (i.e. tertiary consumers); thus, their populations always remain
low compared to those of the primary and secondary consumers in the ecosystem (Rajpar
and Zakaria 2014).

Comparison assemblage of understorey birds

All the Forest Reserves included in the comparison were gazetted as ESA level Il of
Permanent Forest Reserve under the Selangor Strategic Plan. Surprisingly, many of these
Forest Reserves were logged (more than 30 years ago) and some were very recently
cleared or open for development (mostly for palm oil plantations). Based on the ANOSIM
analysis, there were no significant differences between the levels of disturbances
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investigated. The lack of differences shown by ANOSIM indicates that the level of
disturbances in the seven Forest Reserves did not influence the distribution of bird
composition, bearing in mind that some Reserves, such as BTE and Bukit Broga FR, are
fragmented forest patches.

The negative value of ANOSIM was largely contributed by the differences in composition
within an assigned group and less so by the differences between groups. This is because
the information derived from published studies was subjected to distinct methods (such as
point count and direct observation) apart from using mist-netting which directly reflected
the richness of birds found at each study site. Nevertheless, a distinct composition of birds
at group level showed that the bird assemblages were much influenced by factors, such as
microhabitat, vegetation heterogeneity and food resources. Hence, it might be appropriate
to conclude that each forest reserve or habitat preserves its own diversity, regardless of
landscape changes occurring within the habitat.

Conclusion

The study presented the first information on understorey birds in Bukit Tarek Forest
Reserve Extension and Gading Forest Reserve together with previous research in Bukit
Kutu Forest Reserve, all three of which were designated as Environmentally Sensitive
Areas (ESA) Rank Il in Selangor. A total of 67 species of avifauna were recorded with the
highest diversity found in Gading Forest Reserve. The information collected through this
study should partly serve as baseline information for developing biological attributes to be
included in the ESA classification. Apart from that, the results could be used by the relevant
authorities and stakeholders in managing these forest reserves soundly, based on scientific
decisions and to ensure the preservation of biodiversity of avifauna.
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