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Abstract
Background: Habitat degradation is known to have a major impact on the composition of bird communities, yet
how these communities recover following such disturbance is less understood. This study examined bird
community changes from pre-logging to recovery over the course of habitat disturbance caused by the
development of the Hulu Terengganu Hydroelectric Dam Project in Peninsular Malaysia, between 2007 and 2018.
Bird surveys were conducted using point count observations and mist netting in the dam area from the prelogging phase until the operation phase.
Results: It was observed that while bird species significantly declined after large-scale habitat clearance
between the pre-logging and construction phases, they showed positive signs of recovery from the
inundation to operation phases. These findings indicate that the bird community is still recovering, and the
permanent loss of habitat required by most of the original species has not occurred, as evidenced by
recolonisation. Bird species composition differed across phases due to varying habitat conditions. The turnover
rate and immigration rate (recolonisation and newly recorded species) were higher between the construction
and operation phases. It was also observed that insectivorous birds were more heavily affected than others
by changes to the landscape, which highlights the versatility, survivability and tolerance of certain species to
extreme disturbance and habitat modification.
Conclusion: Although the operation phase showed an incremental change in bird species richness due to
recolonisation and newly recorded species, this value remains far from that of the pre-logging phase. We
predict that bird species recovery will continue to increase for some time before reaching a plateau among
the newly created islands, reservoir and catchment area of the dam.
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Introduction
As the global climate crisis continues to worsen, sustainable energy production is increasingly being considered
an alternative to fossil fuels for meeting energy demands,
which are projected to increase by 50% and 79% by 2030
(IRENA 2016) and 2050 (USEIA 2017), respectively. Developing countries require a growing and reliable energy
supply to meet the demands of industry, domestic usage
and agriculture. One source of renewable energy is
hydroelectric power, which constitutes over 92% of the
total renewable energy generated (Nowak et al. 2003)
and supplies about 20% of global electricity (Paish 2002).
Hydroelectric power generation significantly reduces the
burning of oil and coal for power generation (Bakis
2007); thus, it remains a popular renewable energy
source.
Although hydroelectric power is considered a form of
green energy, there are many detrimental impacts of
hydropower plants—especially during construction and
inundation phases. Hydroelectric dams can block nonvolant and aquatic animal migratory pathways, introduce
alien species and flood surrounding lowland habitat
(Lees et al. 2016; Gibson et al. 2017; Wu et al. 2019a).
Furthermore, dam impoundments disrupt wildlife by altering the original environment, thereby hindering wild
animals and plants from thriving due to the degradation
or loss of habitat (Mohd-Taib et al. 2018). Dam construction also creates hilltop islands surrounded by
water, which represents a more severe form of degradation than the fragmentation resulting from forest clearance for agricultural purposes. The islands and their
isolated habitats respond differently from simple terrestrial fragmentation and pose an enormous threat to resulting habitat patches and the biodiversity within those
patches (Wolfe et al. 2015). Constructing hydroelectric
dams also modifies the landscape and habitat on a larger
scale and affects wildlife both within and adjacent to the
construction area. Extensive habitat modification of this
type is considered a major factor contributing to the degradation of global species diversity (Laurance and Bierregaard 1997; Michalski et al. 2006).
An estimated 2 billion hectares of the earth’s surface is
degraded (Laestadius et al. 2011), with half of this degradation occurring in tropical countries, where logging
and forest conversion to agriculture are the major causes
of degradation (Thiollay 1992; Sodhi and Brook 2006).
In Malaysia, forests are also disappearing for the same
reasons (i.e., conversion action, agriculture and urban
development activities) (Camara et al. 2019). Notably,
habitat loss and fragmentation are considered the main
causes of biodiversity loss worldwide. Fragmentation is a
dynamic process that continuously reduces habitat into
smaller pieces and results in isolation as well as the increased vulnerability of populations to edge effects
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(McGarigal and Cushman 2002). Smaller forest areas increase isolation (Hanski and Hanski 1999) and edge effects, which significantly reduce species richness and
genetic diversity (Dixo et al. 2009). Notably, a decrease
in the genetic diversity of a species or population results
in its increased susceptibility to disease (van Houte et al.
2016).
Birds have been commonly used in studies of environmental change (Gregory et al. 2009), ecological function
(Slocum and Horvitz 2000) and habitat recovery (Šálek
2012). According to Pleguezuelos et al. (2012), birds are
an excellent group of animals to assess restoration success in large-scale ecosystems because they are diverse,
easily detected, and sensitive to changes in habitat structure and composition (Suárez-Seoane et al. 2002). Thus,
changes in bird diversity may provide a rough estimation
of current and future prospects of other organisms in
shared habitats over time. Theoretically, disturbed areas
have fewer species than pristine undisturbed habitats
(Barlow et al. 2007). Following disturbance, species richness is expected to initially decline, but recolonisation
may occur as long as the area and its surrounding habitats are improving (Karr 2002) and there is adequate
relatively undisturbed forest nearby to provide seed populations for the rehabilitation of the affected areas.
Numerous studies have documented the disappearance
of bird species occurring in forest fragments in tropical
regions worldwide (Newmark 1991). However, how such
changes occur over the course of hydroelectric dam development in tropical regions remains unclear. The
present study represents the first time that changes in
bird assemblages due to a large-scale hydroelectric dam
project have been monitored from the pre-logging (PL),
logging (LG), construction (CN), and inundation (IN)
phases to recovery during the operation (OP) phase in
Peninsular Malaysia. Specifically, this study focuses on
the effects of ecosystem degradation in and adjacent to
the Hulu Terengganu Hydroelectric Dam on bird species
diversity and recovery processes across the project’s progression from the PL to OP phases. We hypothesised
that bird species richness will recover during the OP
phase after severely declining in the LG and CN phases
to reach a species number similar to the PL phase, but
with different species composition due to alteration of
the original habitat. The turnover rate was also hypothesised to be higher across study phases. It was also
hypothesised that insectivorous birds would be the most
affected guild due to their sensitivity to habitat
disturbance.

Materials and methods
Study area

This study was conducted in Puah Catchment, Hulu Terengganu (5.150396° N, 102.359811° E), which is located
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approximately 120 km northwest of Kuala Terengganu,
Peninsular Malaysia (Fig. 1). The Hulu Terengganu
Hydroelectric Project (HTHEP) is located in Tembat
Forest Reserve and Petuang Forest Reserve in Hulu Terengganu District. The HTHEP consists of two hydroelectric dams, namely Puah Dam and Tembat Dam,
which supply 250 MWh and 25 MWh, respectively with
approximately 50,611 ha catchment area.
Prior to logging for the HTHEP, the Department of
Wildlife and National Park Peninsular Malaysia (PERH
ILITAN) has conducted a wildlife survey including avifauna in 2007 during PL phase (PERHILITAN 2007).
The selective logging process took approximately 4 years
around Puah Reservoir. Approximately 190 km2 of forested area was logged between 2010 and 2014 (Magintan
et al. 2019). The CN phase began in 2012, and the IN
phase occurred from October 2014 until September
2015, and an approximately 61 km2 reservoir was
formed in the process, including an estimated 27 landbridge islands being formed by 2015. The water level
slowly increased during the IN phase to make way for
animals to move out of the catchment area and onto
newly created islands within it. The OP phase began
right after the water level reached a desired depth (±290
m above sea level).
The forests on most of the created land-bridge islands
were selectively logged prior to the IN phase, which area
320 m a.s.l. was logged and some of matured forest tree
individuals such as from the family Dipterocarpacae
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were left intact. Several islands (higher elevation) were
left intact with matured forest trees, while cleared area
was now dominated with pioneer tree species, comprising of 20 tree species (DBH >1 cm) such as Rubiaceae
and Euphorbiaceae. We analysed the satellite images
from year 2007 to 2020 using Google Earth. The logged
area was from approximately 8096 ha in PL to 10,399 ha
in LG to 15,199 ha in CN, and reduced to 6100 in OP
upon habitat recovery with pioneer species and replanting programme.
Bird surveys

Birds were censused from January 2017 until August
2018, during the dam operation phase, in the Puah
catchment area. We used a standard line transect
method (Bibby et al. 2000) at fixed locations. Several line
transects were established and surveyed every month in
mainland area (6 transects) and created islands (1 transect per island). The length of the transects varied from
300 to 1200 m, and each transect was separated from
the others by approximately 400 m (Mansor et al. 2020).
Each transect was sampled six times (one to two times
per month) over the study period. Birds were observed
throughout the day (between 07:30 and 18:30), but
mostly in the early morning and late afternoon. Most
sampling transects were established along former logging roads used to transport timber from the logging
site. For comparison, we used data from previous studies
conducted at same the logging trails and used the same

Fig. 1 The location of study site: Hulu Terengganu Hydroelectric Project (HTHEP), Terengganu, Peninsular Malaysia. The inset map shows the preinundation phase of Puah Catchment area with tributaries is still visible
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methods, particularly during the PL phase (PERHILIT
AN 2007), LG phase (Aziz 2013), CN phase (Jamaluddin
2015) and IN phase (Ibrahim 2016; Mohd-Taib et al.
2018). Some transects that disappeared due to the inundation process were conducted on nearby created landbridge islands. Additionally, 10 mist nets were erected at
each study site for 4 days per sampling session. These
mist nets were randomly placed each month to prevent
birds from becoming familiar with mist net locations.
Data analysis

To show the pattern of the species change in each phase
of dam development, a simple line graph of the species
number was plotted based on presence-absence data.
Species turnover rate was calculated using formula
adapted from Diamond (1969) to show the dynamic of
species extinction and immigration occurring throughout phases. We assumed there is no human-introduced
species in the study area as it is prohibited area and located further from nearest human settlements (± 35 km
to Kampung Basong).
A dendrogram of species composition based on Jaccard similarity and single-linkage clustering (Niwattanakul et al. 2013) was then plotted using the PAST
software package (Paleontological Statistics) vers. 2.17
(Hammer et al. 2001). The dendrogram indicates the
species similarity between the phases and how the species composition changed from phase to phase in response to the habitat modification. Three-dimensional
non-metric multidimensional scaling (3D-nMDS) was
also applied to determine the similarity and dissimilarities of bird communities between phases of PL, LG, CN,
IN and OP. Similar development phases were grouped
into the same branch with high similarity value on
single-linkage dendrogram using PRIMER-E version 7
(Clarke and Gorley 2017). To measure beta diversity (β)
across phases at the landscape level, we used Whittaker
pairwise (Global beta diversity = 1.29).
The species richness of bird communities across the
study phases was computed using average taxonomic
distinctness (AvTD) and variation in taxonomic distinctness (VarTD). AvTD analysis is useful for measuring the
mean distance between two randomly selected species
using presence-absence data (Warwick and Clarke
1995). On the other hand, VarTD is the branch length
variation among all species pairs. VarTD also acts as a
measure of irregularity and divergence for the branch
length distribution within a sample (Tolimieri and Anderson 2010). This method is highly sensitive to changes
in community composition (Schweiger et al. 2008) and
provides statistically powerful summaries of taxonomic
relatedness patterns within bird assemblages (Clarke and
Warwick 2001). AvTD not only represents species richness per se but also considers the elimination and
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addition of higher taxonomic ranks (e.g., family and
order). AvTD indicates the pairwise distance within a
taxonomic ranking, and its values decrease if there is an
absence of an element in taxonomic ranking. The
greater the taxonomic ranking difference among phases,
the more significant the decrease in AvTD value. Instead
of measuring the changes in species number, these tests
measure changes in taxonomic level and provide more
information on the actual impact of the various developmental phases on bird communities in the Puah Lake
Catchment. These analyses were computed using the
PRIMER-E software version 7 (Clarke and Gorley 2017).

Results
A total of 282 bird species representing 64 families were
recorded across dam development phases (Supplementary Table 1). The most dominant bird group at all
phases was flycatchers (Muscicapidae; 23 species),
followed by babblers (Timaliidae and Pellorneidae; 22
species), bulbuls (Pycnonotidae; 19 species), cuckoos
(Cuculidae; 17 species) and spiderhunters and sunbirds
(Nectariniidae; 15 species). The PL phase had the highest
number of species (250 species, Fig. 2). This number declined in the LG by 53% to 117 species and severely declined during CN and IN phases (64 and 87 species,
respectively). However, the number of species increased
by 45% during the OP phase (126 species) from IN
phase. Approximately 11% of total bird species were observed at all phases, while 30% of recorded species were
unique to one phase only. During the CN phase, all species in the Accipitridae (hawks and eagles), Bucerotidae
(hornbills) and Megalaimidae (Barbets) families that
were previously present disappeared. During the OP
phase, new species emerged that were absent in previous
phases such as Malaysian Hawk Cuckoo Hierococcyx
fugax, Scarlet Minivet Pericrocotus speciosus and Tickell’s Blue Flycatcher Cyornis tickelliae. Turnover rate
and immigration rate (recolonisation and newly recorded
species) were higher between construction and operation
phases (Table 1).
Cluster analysis grouped PL and LG, and IN and OP,
and the 3D-nMDS analysis also clustered these two pairs
of phases, and the CN phase was outlier from the both
groups (Fig. 3). PL–LG and IN–OP had somewhat similarity value, 0.377 and 0.364, respectively. The outlier
group, CN, had a rather different species composition in
which the number of species recorded was at the lowest
compared to all other phases. This analysis was consistent with the beta diversity (β) of bird communities
across phases at the landscape level (Table 2). Grouped
phases in cluster analysis had low β value, indicating
high shared species composition between the two
phases. A drastic change in species composition between
PL and CN phases was indicated by the highest β value,
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Fig. 2 The bird species richness plotted against dam development phases throughout 10 years study in Puah Lake Catchment, Hulu Terengganu,
Peninsular Malaysia

0.6384, while the least changes occurred between phases
PL and LG (β= 0.4609).
Insectivores and frugivores make up the major feeding
guilds in study areas (Fig. 4), particularly 63% (179 species) as insectivores, 19% (54 species) as frugivores, 9%
(26 species) as carnivores, 5% (15 species) as nectarivores
and 2% (six species) as granivores. Insectivores (KruskalWallis; H = 137.4, df = 4, P < 0.05) and frugivores (H =
128.6, df = 4, P < 0.05) were the only feeding guilds that
differ significantly across study phases. A drastic drop of
insectivore species can be seen in CN phase (44 species)
from 163 species in PL phase. However, insectivore species started to increase in IN phase (54 species) and further in OP phase (80 species), which is consistent with
overall species richness fluctuation trend in Fig. 2. For
example, babblers, insectivores, in the PL phase (21 species) were reduced during the LG phase (17 species), CN
phase (12 species) and IN phase (11 species), though
slightly increased in the OP phase (13 species) (Supplementary Table 1).
AvTD values produced a decreasing pattern from PL
to LG to CN phases (Table 3). However, the AvTD value

starts to increase from IN to OP. These values showed a
positive correlation but not significant with the number
of species in the communities in all phases (r = 0.738, p
= 0.154). VarTD shows the opposite pattern value, in
which the values increase from early PL to LG, and then
increase more towards CN (Table 3). It starts to decrease from CN to IN and continues decreasing to OP.
VarTD values indicated a negative correlation but not
significant with the number of species in the communities in all phases (r = –0.741, p = 0.152).

Discussion
Bird species richness rapidly decreased after the PL
phase until reaching the lowest levels during the CN
phase. Thereafter, it began to increase gradually during
the IN and OP phases. The disappearance of certain
higher taxonomic levels (i.e., order, family) and species
after the PL phase (AvTD = 72.46) was due to logging
activities before the construction of the hydroelectric
dam (from the PL phase to the CN phase). Notably,
there was a significant correlation between habitat degradation and decreasing species richness (P < 0.05). For

Table 1 Bird species richness changes: shared species, local extinction, immigration and turnover rate, throughout the dam
development phases in Puah Lake Catchment, Hulu Terengganu, Peninsular Malaysia. Abbreviations: PL pre-log, CN construction, IN
inundation, OP operation
Phase

PL–IN

PL–OP

CN–IN

CN–OP

IN–OP

Shared species

80

107

40

39

59

Extinction

194

169

67

28

33

Immigration (recolonisation/newly recorded)

10

24

25

92

23

Turnover rate

61%

51%

61%

63%

26%
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Fig. 3 Cluster analysis and three-dimensional non-metric multidimensional scaling (3D-NMDS) plot of Jaccard similarity matrixes showing the
distribution of bird communities according to phases in Puah Lake Catchment, Hulu Terengganu, Peninsular Malaysia. The good quality of the
ordination is indicated by a low stress value (3D stress = 0). Abbreviations: PL pre-log, LG logging, CN construction, IN inundation, OP operation

example, the eradication of the Paridae and Sittidae families—each of which consisted of a single species (Sultan
Tit Melanochlora sultanea and Velvet-fronted Nuthatch
Sitta frontalis, respectively)—occurred after the PL
phase. Bird species that disappeared after the PL phase
included the Malaysian Rail Babbler Eupetes macrocerus,
Jambu Fruit Dove Ptilinopus jambu and Garnet Pitta
Erythropitta granatina, which contributed to the lower
AvTD values after the PL phase. The lowest species diversity and AvTD values were observed during the CN
phase (AvTD = 65.38), as evidenced by the absence of
several bird families and migratory birds, including the
Meropidae (Blue-tailed Bee-eater Merops philippinus),
Motacillidae (Grey Wagtail Motacilla cinerea) and Laniidae (Tiger Shrike Lanius tigrinus and Brown Shrike
Lanius cristatus). Since migratory birds must consume
ample food to meet their energy demands, the degraded

Table 2 Beta diversity (β) of bird communities’ similarity at
landscape level across dam development phases in Puah Lake
Catchment, Hulu Terengganu, Peninsular Malaysia. The
highervalue means the more dissimilarity of one phase to its
paired phase. Abbreviations: PL pre-log, LG logging, CN
construction, IN inundation, OP operation
PL

LG

CN

LG

0.4609

CN

0.6384

0.5744

IN

0.5543

0.4929

0.4968

OP

0.4742

0.4761

0.6060

IN

0.4708

habitat was likely unsuitable for migratory stopovers
(McKinney 2002), which might explain the absence of
these migratory birds during the CN phase. However,
species diversity and AvTD values began to increase
gradually after the CN phase, during the IN (AvTD =
68.66) and OP phases (AvTD = 71.66). This pattern of
increase was due to the recolonisation and introduction
of newly recorded bird species that were not previously
observed. For example, the re-emergence of both shrike
species in the OP phase indicates that the catchment
began to attract migrants to the area once again. Furthermore, the positive trend following the IN phase suggests that bird species richness began to increase in
accordance with habitat age and heterogeneity (Šálek
2012). From the IN to OP phase, the open area (i.e., not
covered by vegetation) decreased from 18,000 ha (35% of
the total catchment area) to only 6100 ha (12%). Forest
remnants with no human interference at a higher elevation in the area also contributed to the increase in bird
species richness during the OP phase.
Species diversity and AvTD values are expected to increase further as the forest regenerates enough to provide habitat and feeding opportunities that cater to a
greater number of bird species; however, we expect that
it will be dominated by coloniser species such as spiderhunters and bulbuls during early forest regeneration
(Hashim and Ramli 2013). The ability of bulbuls to
switch their diet to insectivory makes them more adaptable to disturbances and the absence of seasonal fruits
(Zakaria and Francis 2001). Bulbuls are generalist species
and are typically replaced by more forest-dependent
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Fig. 4 Histogram plot of bird species according to their respective feeding guild throughout the study phases in Puah Lake Catchment, Hulu
Terengganu, Peninsular Malaysia. y-axis indicates the proportion of each feeding guild’s species richness in its respective phase. The number on
each bar represents the actual species richness of each feeding guild in each phase. Abbreviations: PL pre-log, LG logging, CN construction, IN
inundation, OP operation, CAR carnivore, FRU frugivore, GRA granivore, INS insectivore, NEC nectarivore

species upon habitat recovery (Zakaria and Nordin
1998). For example, thirteen bulbul species from IN
phase was reduced to 10 species in the OP phase, while
the number of babbler species increased from 11 to 13
across both phases. Temporal changes in forest structure
show increasing tree species density at the forest edge,
ridges and islands from 2016 to 2017 (Abd Razak et al.
2019). The mass immigration (72 bird species) and low
local extinction (33 bird species) between these two
phases might indicate that the habitat has now become
more stable and can support a higher number of species.
The most diverse bird group recorded in PL phase was
babblers from Timaliidae and Pellorneidae families;
however, their diversity declined across subsequent
phases and slightly increased in the OP phase. Babblers
are primarily insectivorous, and their decrease in number is likely due to reduced arthropod prey abundance in
changing microclimate (Wong 1985; Yong et al. 2011;
Mansor et al. 2019). Furthermore, insectivorous birds
are also prone to the competition with opportunistic,
disturbance-adapted omnivores (Canaday 1996) across

dam construction phases. Most babbler species are also
confined to the forest interior and have relatively limited
distributions; therefore, they are likely sensitive to habitat disturbance (Styring et al. 2016; Mansor et al. 2018).
These ecological explanations regarding the sensitivity of
insectivores were supported by the present study, where
the number of insectivorous birds was reduced after the
PL phase but increased during the IN phase, and then
increased further during the OP phase. The extreme
inter-phase fluctuation in insectivorous bird species richness made them the feeding guild most heavily affected
by forest fragmentation, which is consistent with many
previous research (Stouffer and Bierregaard Jr 1995;
Şekercioḡlu 2002; Sodhi et al. 2004). Their highly specific feeding strategy for obtaining prey also contributes
to the sensitivity of insectivorous birds since their prey
actively avoids predation (Şekercioḡlu 2002; Mansor
et al. 2015).
Frugivorous birds also followed a similar trend of decreasing species richness after the PL phase; however,
this began to increase during the IN phase and increased

Table 3 Average taxonomic distinctness (AvTD) and variation in taxonomic distinctness (VarTD) values across dam development
phases throughout 10 years study in Puah Lake Catchment, Hulu Terengganu, Peninsular Malaysia, calculated using the PRIMER-E
software. Abbreviations: PL pre-log, LG logging, CN construction, IN inundation, OP operation
Phase

Species

AvTD value

AvTD Sig %

VarTD value

VarTD Sig %

PL

250

72.46

5.8

139.83

0.8

LG

117

71.67

13.4

149.33

3.0

CN

64

65.38

0.2

179.26

0.2

IN

87

68.66

0.2

173.88

0.2

OP

125

71.66

12.2

139.13

46.2
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further during the OP phase. The absence and presence
of frugivores can be highly correlated with the maturity
of forests due to the higher availability of fruiting trees
in more mature forests. For example, given the increasing number of frugivorous birds during the OP phase,
the absence of hornbill species such as the Great Hornbill Buceros bicornis and Rhinoceros Hornbill Buceros
rhinoceros during the OP phase was likely the result of
high disturbance in the Puah Catchment area, particularly due to the loss of large trees logged for construction purposes. Notably, such trees are preferred by these
species for both nesting and fruit consumption (Kinnaird
and O’Brien 2007). Moreover, larger bird species tend to
be more heavily affected by logging (Hammers et al.
2015; Constantini et al. 2016). However, sightings of
Oriental Pied Hornbill Anthracoceros albirostris continued to increase from the CN to OP phases, which was
likely due to their resilience to habitat disturbance, fragmentation and degradation (Datta 1998). The recolonisation of more frugivorous species in the OP phase
represents a positive sign of forest maturity. These findings are consistent with Styring et al. (2011), who noted
that bird communities become more evenly distributed
in more mature forests since they provide numerous
niches for birds.
However, the percentages of both granivores and nectarivores exhibited the inverse of the general species recolonisation trend, which was highest during the CN phase
(granivores 3%; nectarivores 10%) since more open habitats were created after the extensive logging process in
2009. These habitats are preferred by granivorous birds
due to their large seed bank availability (Diaz and Telleria
1996; Chettri et al. 2005). While granivores are known to
increase in number immediately after logging, granivore
populations eventually decline when their preferred grasslands are replaced by more complex forest regrowth during the recovery process (Burivalova et al. 2015).
Furthermore, nectarivores also followed a similar trend to
granivores since they decreased in accordance with the
maturity of the forest, particularly decreased during the
IN phase (8%) and then decreased further during the OP
phase (6%). High nectarivore numbers are usually recorded in the early regeneration phase of a forest due to
their preference for pioneer plant species such as those
from the Musaceae and Zingiberaceae families, which easily proliferate after logging (Johns 1989).
The similarity of species composition between the PL
and LG phases suggests that the species recorded during
the LG phase were not fully extirpated due to selective
logging practices in area. The similar species composition observed during the OP and IN phases suggests
that the water matrix created as the result of landscape
modification during the IN phase gave rise to the influx
of new opportunist species that are better adapted to
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such habitats, such as the piscivorous Purple Heron
Ardea purpurea, White-bellied Sea Eagle Haliaeetus leucogaster and Osprey Pandion haliaetus, which forage for
fish in the dam reservoir. The number of species from
the Ardeidae family also increased during the OP phase
when compared to the PL phase. Wu et al. (2021) suggested that members of the Ardeidae family prefer shallow waters but dislike sandy areas that are likely
abundant during the PL phase in which riverbank was
not yet inundated. These findings suggest that bird species assemblages were primarily influenced by the habitat type available to them and largely motivated by food
availability (Sohil and Sharma 2020). Notably, different
land cover types will provide different habitats and food
(Wu et al. 2019b). As such, these species may have replaced previous forest-dependent species. Since the inundation process created a water barrier and fragmented
the forested area, insectivorous forest birds—which prefer a closed-canopy habitat and are weak dispersers that
are unable to fly across 100 m of open water—experienced a dispersal barrier (Moore et al. 2008; Mansor
et al. 2018) that hindered their recolonisation and migration to forest patches from the surrounding mainland.

Conclusions
Following a severe decline from the PL to CN phases,
the OP phase exhibited a significant increase in bird species richness. This suggests that the vegetation of the
study area has become more stable, with certain species
beginning to recolonise and newly emerged. Species
richness is projected to increase further due to greater
habitat stability and more diverse vegetation that will
soon flourish around the Puah Catchment and attract
more bird species to the area. Notably, two projects
aimed at replanting tree seedlings in the Puah Catchment area have been completed to hasten the recovery
process. Nine families of forest tree species were chosen
for replanting purposes and have been maintained by
hired contractors to ensure the survival of planted trees.
The biodiversity value of regenerating forests suggests
that the species richness in disturbed forests will recover
to a pre-disturbed state within 20–40 years of habitat
disturbance (Dunn 2004). A further study within the
next 5 or 6 years will be valuable to compare the recovery effect against the present data. Such findings can
contribute towards understanding the detrimental effects
of large-scale hydroelectric dam construction on the
avian community and their recovery process. Impact assessments from all phases of this dam development can
be referenced when constructing future sustainable
hydroelectric dams. Using this information, developers
and environmental consultants can develop optimal and
effective mitigation plans for future dam developments
in Malaysia and other developing countries.
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