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ABSTRACT
Wetlands are critical habitats for water dependent bird species. These habitats are facing rapid
degradation due to anthropogenic activities that affect the waterbirds distribution by changing their
habitats. The objective of the study was to examine the relationship of vegetation composition and
cover and the microclimate of the Paya Indah wetlands with waterbird species. Distance sampling
point count method was used to determine the waterbird species composition and relative abundance,
habitat characteristics (i.e. vegetation composition and cover) by visual estimation, temperature and
relative humidity by psychrometer and light intensity by lux meter. A total of 3076 individuals of
24 waterbird species representing eight families were documented during the 12 months study from
June, 2009 to May, 2010. Purple Swamphen – Porphyrio porphyrio (964 observations; 27.39% of all
detections) was the most dominant and Slaty-breasted Crake – Gallirallus striatus (5 observations;
0.14%) was the rarest waterbird species in the study area. The results show that 86.0% of the wetland
areas were covered with a variety of aquatic vegetation such as emergent vegetation (i.e. 60.0%),
submerged vegetation (30.0%) and grasses (10.0%) while the rest 14.0% of the wetland areas were
devoid of vegetation. It was also observed that emergent vegetation was dominated by sedges (60.0%),
submerged vegetation by spike water-milfoils – Myriophyllum spicatum (60.0%) and grasses by cogon
grass – Imperata cylindrica (35.0%). Microclimate data highlighted that the wetland had 28.3°C mean
temperature (25–310C), 95.75% mean relative humidity (89–97%) and mean light intensity 233.65lux
(16 – 520 lux). The Canonical correlation analysis indicated that wetland habitat characteristics such as
aquatic vegetation composition and cover were the key factors that affect habitat selection, distribution,
diversity and richness of waterbirds. These characteristics indicate how the waterbird species used
different wetland habitats especially for foraging, loafing and breeding.
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INTRODUCTION
Wetlands are the most productive ecosystems due to habitat diversity and productivity, characterized
by shallow water overlying waterlogged soil, interspersed submerged and emergent vegetation (Zhang
et al. 2010). Malaysia is blessed with 5.19 million ha of wetland resources including mangrove,
mudflats, freshwater swamps, peat swamps, marshes, nipah swamp, malice swamps, lakes, river
system, sandy beaches, rocky shores and coral reefs which are equal to 15.65% of total land area of the
country (MNR & E, 2009).
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Malaysian wetlands are one of the most varied and diverse ecosystems across the country mainly due to
heterogeneity of vegetation structure and composition, unpredictable rainfall patterns and occurrence
of adjacent different surrounding landscapes. These wetland habitats are dominated by a variety of
aquatic vegetation (such as; emergent, submerged, reedbeds and grasses) which are suitable habitat for
fish, amphibians, reptiles and invertebrates (Hassan et al. 1999; Rajpar et al. 2010; Haber, 2011). The
diversity of vegetation and food resources play a significant role in the distribution and diversity of
waterbirds and indicated where and how they used the particular habitat. Waterbird species exhibit a
wide variation in habitat preference across the different wetland ecosystems depending on vegetation
structures and composition, richness of food resources, occurrence of surrounded landscapes, protection
from predators and harsh weather.
In this study, waterbirds refer to bird species that entirely depend on wetlands for a variety of activities
such as foraging, loafing and nesting (Rajpar and Zakaria, 2009). Waterbird density and diversity
is associated with vegetation structure and composition (Bersier and Meyer, 1995; Hurlbert, 2004)
i.e., vegetation structure provides loafing, foraging, nesting and refuge sites from predators and harsh
weather (Rajpar and Zakaria, 2011). In addition, richness and diversity of food is a major driven
factor which influences the waterbirds distribution and diversity in different wetland ecosystems.
However, food availability and richness may vary from one area of wetland to another depending on
the productivity, type vegetation and location.
Detailed information on the effects of vegetation composition and cover on waterbird distribution and
richness is lacking. No detailed study has been carried out to examine the effects of wetland vegetation
composition on waterbird distribution and richness. Therefore, this study was carried out to determine
the effects of vegetation composition and cover on waterbird distribution and richness to understand
the importance of Paya Indah Wetland for future conservation and management.

METHODOLOGY
Study Area
Paya Indah Natural Wetland Reserve is located within 101°10′ to 101°50′ longitude and 2°50′ and
3°00′ latitude, covers an area of 3050 ha (Figure 1). This natural wetland reserve comprised of a
diverse aquatic as well as terrestrial vegetation composition and structure such as aquatic emergent
vegetation (i.e. Eleocharis dulcis, Stenochlaena palustris, Philydrum lanuginosum, Nelumbo nucifera,
N. pubescens, and Scleria purpurascens), submerged vegetation (i.e. Potamogeton spp., Utricularia
spp., Salvinia molesta) and along the edges dominated by Scirpus olneyi.

Effects of Habitat Characteristics on Waterbird Distribution and Richness in Wetland
Ecosystem of Malaysia

107

Figure 1. Location map of study sites

Waterbird Survey
Waterbirds were surveyed using DISTANCE (Buckland et al. 2004) sampling point count method for
12 consecutive months from June, 2009 to May, 2010. A total of 61 point count stations was established
at 300 m intervals along the wetland edges. This distance was selected to avoid double counting the
same bird at more than one station. The waterbirds were surveyed in each month for 8 days and each
point count station was surveyed for 10 min. During each survey, all waterbird individuals seen or
heard were recorded. The flushed birds with known original positions were also recorded and included
in the analysis. The distance from waterbird to observer was recorded using visual estimation for each
individual bird within the range of 100 m. The surveys were conducted by a single observer between
0730 and 1100 hr. This period of time is appropriate as most birds are active early in the morning. The
survey methodology was based on Buckland et al. (2004), Sutherland et al. (2004), Kunz et al. (2007),
Magrath et al. (2008) and Hamel et al. (2009).
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Vegetation Survey
A total of 61 vegetation sample plots were established in Paya Indah wetland reserve to examine the
vegetation composition within the consistency of the waterbird point count stations. In each sample
plot, vegetation cover percentage (i.e. the proportion of aquatic vegetation covered water surface and
water surface without vegetation), species richness (i.e. the percentage of aquatic plant species) and
vegetation type (i.e., emergent, submerged and grasses), were recorded using the visual estimation.
In addition, the temperature and relative humidity were recorded using the Psychrometer while light
intensity was recorded using a Lux meter. The methodology was according to Isacch et al. (2005).
Data Analysis
The relative abundance (%) of waterbirds was determined using the following expression: n/N x 100
Where; n is the number of a particular waterbird species and N is the total observations of detected
waterbird species (Zakaria et al. 2009).
The relationship between waterbirds and habitat variables (such as; vegetation type, cover % and
microclimate) was determined using multiple regressions of Constrained Redundancy Ordination
(RDA) of Canonical Correspondence Analysis (CCA) Software (Version 4.5) by Ter Braak and
Smilauer (2002).

RESULTS
Waterbird Species Composition with Relative Abundance
A total of 3076 individuals of 24 waterbird species representing eight families was detected using
distance sampling point count stations. Purple Swamphen – Porphyrio porphyrio (964 observations;
27.39% of all detections), White-breasted Waterhen – Amaurornis phoenicurus (396 observations;
11.25%) and White–throated Kingfisher – Halcyon smyrnensis (350 observations; 9.94%) was the
three most dominant waterbird species. In contrast, Slaty-breasted Crake – Gallirallus striatus (5
observations; 0.14%) was the rarest waterbird species in the study area (Table 1).
Table 1. List of waterbird species with relative abundance detected in Paya Indah Wetland Reserve,
Peninsular Malaysia
Family Name
Rallidae
Rallidae
Alcidinidae
Ardeidae
Charadriidae
Ardeidae
Anatidae
Rallidae
Anatidae
Ardeidae

Common Name

Scientific Name

Purple Swamphen
White-breasted Waterhen
White-throated Kingfisher
Purple Heron
Red-wattled Lapwing
Yellow Bittern
Lesser Whistling Duck
Common Moorhen
Cotton Pygmy Goose
Cinnamon Bittern

P. porphyrio
A. phoenicurus
H. smyrnensis
Ardea purpurea
Vanellus indicus
Ixobrychus sinensis
Dendrocygna javanica
Gallinula chloropus
Nettapus coromandelianus
Ixobrychus cinnamoneus

No of
detections
964
396
350
289
271
266
254
137
113
58

%
27.39
11.25
9.94
8.21
7.70
7.56
7.22
3.89
3.21
1.65
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Scolopacidae
Rallidae
Ardeidae
Rallidae
Ardeidae
Ardeidae
Podicipedidae
Ardeidae
Jacanidae
Scolopacidae
Alcidinidae
Ardeidae
Ardeidae
Rallidae

Pintail Snipe
White-browed Crake
Little Heron
Ballion's Crake
Black-crowned Nightheron
Grey Heron
Little Grebe
Schrenck’s Bittern
Pheasant-tailed Jacana
Common Sandpiper
Common Kingfisher
Great Egret
Little Egret
Slaty-breasted Crake

Gallinago stenura
Porzana cinerea
Butorides striatus
Porzana pusilla
Nycticorax nycticorax
Ardea cinerea
Tachybaptus ruficollis
Ixobrychus eurhythmus
Hydrophasianus chirurgus
Tringa hypoleucos
Alcedo atthis
Chasmerodius albus
Egretta garzetta
G. striatus
Total

52
51
43
34
33
32
31
27
27
25
24
24
14
5
3520

1.48
1.45
1.22
0.96
0.94
0.91
0.88
0.77
0.77
0.71
0.68
0.68
0.40
0.14

Vegetation Species Composition with Relative Abundance
The results show that 86.0% of the wetland areas were covered with aquatic variety of vegetation such
emergent vegetation (i.e. 60.0%) and followed by submerged vegetation (30.0%) and grasses (10.0%)
while the rest 14.0% wetland areas were devoid of aquatic vegetation. Furthermore, it was also observed
that emergent vegetation was dominated by Sedges; 60.0% and Water Lilies; 30.0%, submerged
vegetation dominated by Spike Water-milfoils – Myriophyllum spicatum (60.0%) and Common Duck
Weeds – Salvinia minima (30.0%), while grasses dominated by Cogon Grass – Imperata cylindrica
(35.0%) and Spike grass – Distichlis spicata (25.0%) in the wetland reserve (Table 2).
Table 2. The proportion and type of aquatic vegetation occurring in Paya Indah Wetland Reserve,
Peninsular Malaysia
Family Name

Common Name

Scientific Name

Percentage

Total Vegetation Cover Percentage

86.0%

Devoid of Vegetation

14.0%
Total

Emergent Vegetation

100.0%
60.0%

(i) Sedge Species

Sub Total

60.0%

Cyperaceae

Water Chest-nut

Eleocharis dulcis

58.0%

Cyperaceae

Marsh Sedge/Nut Rush

Scleria purpurascens

32.0%

Cyperaceae

Three square Bulrush

Scirpus olneyi

10.0%

(ii) Water Lily Species

Sub Total

30.0%

Nymphaeaceae

Lotus

Nelumbo nucifera

60.0%

Nymphaeaceae

Water Lily

Nelumbo pubescens

30.0%

Philydraceae

Wooly Waterlily

Philydrum lanuginosum

6.0%

Nymphaeaceae

Rubra Water Lily

Nymphaea rubra

4.0%
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(iii) Reed Species

Sub Total

10.0%

Philydraceae

Phragmites

Phragmites karaka

80.0%

Typhaceae

Cattail

Typha angustifolia

20.0%

Submerged Vegetation

30.0%

Haloragaceae

Spike Water-milfoils

M. spicatum

60.0%

Lamnaceae

Common Duck Weed

S. minima

30.0%

Others

10.0%

Grass Species

10.0%

Graminae

Cogon Grass

I. cylindrica

35.0%

Graminae

Spike Grass

D. spicata

25.0%

Poaceae

Carpet Grass

Cynodon dactylon

20.0%

Poaceae

Buffalo Grass

Panicum maximum

10.0%

Poaceae

Saltmarsh Cordgrass

Spartina alterniflora

10.0%

GRAND TOTAL

100.0%

Microclimate Variables
Microclimate data highlighted that the Paya Indah wetland habitat had 28.3°C mean temperature (25–
310C), 95.75% mean relative humidity (89–97%) and Light Intensity 233.65 (16 – 520LUX) (Table 3).
Table 3. List of the microclimate and proportion of vegetation type in Paya Indah Wetland Reserve,
Peninsular Malaysia.
S. No

Variables

Microclimate Variables
(a)

Temperature (TEM)

(b)
(c)

Relative Humidity (RH)
Light Intensity (LUX)

Mean Value (Range)
Paya Indah Wetland
28.30C (25 – 370C)
95.75% (89 – 97%)
233.65 (16 – 520lux)

Relationship between Waterbirds and Vegetation Composition
Constrained Redundancy Ordination analysis indicated a strong relationship between waterbird and
vegetation composition. The total ordination of waterbird species, along vegetation composition
variables was significant (F = 6.708, P < 0.02, Monte Carlo Simulations at 499 permutations). The
first two axes explained that 32.4% of the variance of species data can be explained by vegetation
composition variations. The species–vegetation variable relationship for first two axes was 0.590 and
0.627 which indicated a strong relationship between waterbird relative abundance and vegetation
composition in the wetland area (Table 4).

111

Effects of Habitat Characteristics on Waterbird Distribution and Richness in Wetland
Ecosystem of Malaysia

Table 4. Summary table of RDA coordination for waterbird relative abundance and aquatic vegetation
type in Paya Indah Wetland Reserve, Peninsular Malaysia
Term
Eigen values
Species-environmental correlations
Cumulative percentage variance of
species data
Cumulative percentage variance of
species-environmental relation
Sum of all eigen values
Sum of all canonical eigen values
Monte Carlo F–ratio
Monte Carlo P–value

1
0.165
0.590

2
0.157
0.627

Axis
3
0.002
0.224

16.5

32.2

32.4

32.4

50.9

99.4

99.9

100.0

4
0.000
0.166

Total
1.000

1.000
0.324
6.708
0.0020

The RDA ordination biplot diagram indicated that Purple Swamphen, White–browed Crake, Common
Moorhen, Yellow Bittern, Purple Heron, Pheasant–tailed Jacana, Ballion's Crake and Cinnamon
Bittern have strong relationships with emergent vegetation. Likewise, Cotton Pygmy Goose, Little
Grebe and Lesser Whistling Duck indicated close associations with submerged vegetation and Pintail
Snipe shows a positive association with grasses which were present along the wetland edges. However,
Common Kingfisher showed negative associated with emergent vegetation, submerged vegetation and
grass (Figure 2).
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Figure 2. Ordination plot from a redundancy analysis (RDA) of the distribution of waterbirds in
relation to vegetation type (emergent vegetation, submerged vegetation and grasses). The
biplot of axes 1 and 2 is presented; the orientation of each variable in relation to each of
these axes is presented by an arrow, the length of which indicates the degree of correlation
with those axes.
Waterbird Species: [Bla CroN = Black-crowned Nightheron, Cin Bit = Cinnamon Bittern, Com Moo =
Common Moorhen, Cot PyG = Cotton Pygmy Goose, Gre Egr = Great Egret, Gre Her = Grey Heron,
Les WhD = Lesser Whistling Duck, Lit Her = Little Heron, Pin Sni = Pintail Snipe, Pur Her = Purple
Heron, Pur SwH = Purple Swamphen, Red WaL = Red-wattled Lapwing, Sch Bit = Schrenck’s Bittern,
Wat Coc = Water Cock, Whi BrW = White-breasted Waterhen, Whi BrC = White-browed Crake, Whi
ThK = White-throated Kingfisher, Yel Bit = Yellow Bittern].
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Relationship between Waterbirds and Microclimate
The results of the RDA test of the first two axes explained that 9.5% of the microclimate variables
such as temperature, relative humidity and light intensity can be explained by biplot diagram. The
species–microclimate variable relationship for first two axes was 0.399 and 0.208 which highlighted
that waterbird species had positive relationships with microclimate variables (Table 5).
Table 5. Summary table of RDA coordination for waterbird relative abundance and microclimate in
Paya Indah Wetland Reserve, Peninsular Malaysia
Term
Eigen values
Species-environmental correlations
Cumulative percentage variance of
species data
Cumulative percentage variance of
species-environmental relation
Sum of all eigen values
Sum of all canonical eigen values
Monte Carlo F–ratio
Monte Carlo P–value

Axis

1
0.075
0.399

2
0.016
0.208

3
0.004
0.359

4
0.460
0.000

7.5

9.1

9.5

55.5

78.9

95.9

100.0

0.0

Total
1.000

1.000
0.095
1.987
0.0600

The RDA ordination biplot diagram indicated that Lesser Whistling Duck, Cotton Pygmy Goose,
Red–wattled Lapwing, White–throated Kingfisher, Little Grebe, Common Kingfisher, Little Egret,
and Schrenck's Bittern had a positive relationship with light intensity. Similarly, Pintail Snipe and
Common Sandpiper showed a positive relationship with temperature and relative humidity. However,
Water Cock, Yellow Bittern, White–browed Crake, Ballion's Crake, White–breasted Waterhen, Purple
Swamphen, Great Egret, Common Moorhen, Grey Heron, Purple Heron and Cinnamon Bittern showed
a negative relationship with light intensity, temperature and relative humidity (Figure 3).
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Ordination plot from a redundancy analysis (RDA) of the distribution of waterbirds in
relation to microclimate variables (temperature, relative humidity and light intensity). The
biplot of axes 1 and 2 is presented; the orientation of each variable in relation to each of
these axes is presented by an arrow, the length of which indicates the degree of correlation
with those axes.

Relationship between Waterbirds and Vegetation Cover Percentage
The results of the Constrained Redundancy Ordination test of the first two axes explained that 20.3%
of the vegetation cover percentage (0–25%, 26–50%, 51–75% and > 75%) can be explained by biplot
diagram. The species– vegetation cover percentage relationship for first two axes was 0.201 and 0.185
which revealed that waterbird species had a positive relationship with the vegetation cover percentage
(Table 6).
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Table 6. Summary table of RDA coordination for waterbird relative abundance and vegetation cover
percentage in Paya Indah Wetland Reserve, Peninsular Malaysia
Term
Eigen values
Species-environmental correlations
Cumulative percentage variance of
species data
Cumulative percentage variance of
species-environmental relation
Sum of all eigen values
Sum of all canonical eigen values
Monte Carlo F–ratio
Monte Carlo P–value

1
0.019
0.201

2
0.003
0.185

Axis
3
0.001
0.121

19.9

20.2

20.3

52.0

85.2

96.6

100.0

0.0

4
0.497
0.000

Total
1.000

1.000
0.203
0.444
0.8280

The RDA ordination biplot diagram showed that Red–wattled Lapwing, Great Egret, Schrenck's
Bittern, Little Heron, Little Grebe, White–browed Crake, Lesser Whistling Duck, Common Moorhen
and Purple Swamphen showed a positive relationship with dense vegetation cover ( >75.0%). Pintail
Snipe, Cotton Pygmy Goose and Common Sandpiper showed association with low vegetation cover
(26–50.0%). Furthermore, the results indicated that Purple Heron, Cinnamon Bittern, Grey Heron,
Water Cock, Ballion's Crake, Yellow Bittern and White–breasted Waterhen had a positive relationship
with moderate vegetation cover percentage (51–75.0%) (Figure 3).
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Figure 4. Ordination plot from a redundancy analysis (RDA) of the distribution of waterbirds in
relation to vegetation cover percentage (0–25.0%, 26–50.0%, 51–75.0% and > 75.0%). The
biplot of axes 1 and 2 is presented; the orientation of each variable in relation to each of
these axes is presented by an arrow, the length of which indicates the degree of correlation
with those axes.

DISCUSSION
The habitat variables such as aquatic vegetation composition, vegetation cover percentage and microclimate are major key factors which affect on the distribution and richness of waterbird in particular
wetland habitat. These factors indicate, where and how the waterbird species used different wetland
habitat to perform various activities such as foraging, loafing and breeding. Determining the effect
of habitat variables on waterbird species composition and richness shows the suitability and habitat
requirements of different waterbird species particularly wetland habitats. The vegetation composition
and structure in particular habitat may vary dramatically among years, even within the same habitat
(Winter et al., 2005). The variation in aquatic vegetation composition and structure creates different
micro-habitats which waterbird species choose to perform various activities (Weller, 1999). The
recording of 24 waterbird species indicated that Paya Indah Wetland Reserve is suitable and productive
habitat for a wide array of waterbird species and they utilized this wetland habitat to perform various
activities for their survival. This might be due to the occurrence of a variety of aquatic vegetation
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composition and structure which created different micro-habitats that offer them a diversity of food
resources, shelter from harsh weather and predators and breeding grounds for them. The dense aquatic
vegetation cover provides shelter for waterbirds from predators and harsh weather and also attracted a
high diversity of food resources such as fishes, amphibians, invertebrates (such as insects, crustaceans,
mollusks and worms) which is a major diet of waterbird species.
It has been reported that higher waterbird richness may occur in the greater vegetation structure and
composition (Hulbert, 2004; Henning and Remsburg, 2009) and vegetation structure and composition
has an important interaction on bird species richness (Barrett et al., 2003; Cunningham et al., 2008).
Variation in aquatic vegetation composition and structure often affect the distribution and richness
of waterbird i.e., vegetation structure may influence the richness and diversity of food resources by
providing foods, shelters and breeding grounds for preys such as fish, amphibians and invertebrates
(Abrams and Rodewald, 2002; Lee and Rotteberry, 2005; Augenfeld et al., 2008). For example; the
results showed that swamphen, moorhen, crakes and water cock preferred emergent vegetation for
foraging and breeding. This might be due to the richness and diversity of emergent vegetation that
provides food in the form of leaves, tubers and rhizomes for a wide array of herbivorous/omnivorous
waterbirds such as swamphens, waterhens, and coots as reported by Froneman et al. (2001) and
Sanchez–Zapata et al. (2005). The other reason could be that the emergent vegetation form dense
thick mats which floats in water, provide a suitable foraging sites and are rich in aquatic invertebrates
such as snails, worms and insect larvae residing on emergent vegetation. In addition, emergent plants
provide nesting material, shelter from harsh weather and predators (Hattori and Mae, 2001).
Likewise, bitterns and herons also preferred scattered emergent vegetation especially along the
water body edges for foraging. This could be that in emergent vegetation in shallow water provide
suitable breeding and foraging habitat for a variety of aquatic animals such as fishes, amphibians and
invertebrates which is easy to catch in shallow water due to low water depth. Dense vegetation may
effects on foraging efficiency of waterbird such as herons i.e. it may interfere with movement, reduced
visibility of prey and also reduced food capturing success. Moderate to low vegetation structure may
provide suitable foraging sites for many waterbird species. In addition, water depth is also an important
factor which affects on habitat selection of waterbirds such as herons and egrets (Colwell and Taft,
2000; Isola et al. 2002). However, water depth selection may vary from species to species such as bird
species with long neck, bill and legs use deep water than smaller tax (Ma et al. 2010). Because, water
depth determines the accessibility of foraging behavior of waterbirds (Collazo et al. 2002; Darnell and
Smith, 2004). It has been reported that greater non-diving waterbird such as egrets and herons diversity
may occur relatively in shallow waters (Kushland, 2000; Elphick and Oring, 2003). In addition, Jacana
preferred emergent vegetation such as water lilies for foraging. This might be that, the snails and
caterpillars attached to the leaves of water lilies and easy to move on water lilies during foraging.
The results also showed that ducks and goose prefer to submerge vegetation (for foraging), grasses
along the water body edges (for breeding, and hiding) and avoided emergent vegetation. This might be
that submerged vegetation is palatable for ducks and geese and rich in food resources such as fishes,
amphibians and aquatic invertebrates while emergent vegetation may interfere with their movement,
reduced prey detection and is non-palatable for them. The other reason could be that these waterbird
species prefers deep open water surface for foraging i.e., they forage head down inside the water. It
has been reported that waterbird richness and relative abundance increased with increasing emergent
vegetation cover (Ma et al. 2010) and they preferred the aquatic vegetation that offers an adequate food
supply (Marshall and Cooper, 2004). Furthermore, kingfishers preferred adjacent wetland areas having
trees or shrubs along the edges, lapwings, sandpipers and snipes selected moist soil along water body
edges.

118

Muhammad Nawaz Rajpar & Mohamed Zakaria

CONCLUSION
The results of this study indicated that wetland habitat characteristics such as aquatic vegetation
composition and cover were the key factors that affect habitat selection, distribution, diversity and
richness of waterbirds. These characteristics indicate how the waterbird species used different wetland
habitats especially for foraging, loafing and breeding.
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