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Abstrak — Pangpang Bay Essential Ecosystem Area, Banynwangi is a wetland traveled by the East Asia Australia Flyway
(EAAF) bird migration route. This research aims to study the diversity, and abundance of waterbird species, and the
relationship between the presence of waterbird species and environmental factors in each wetland habitat type. This research
was conducted in October 2023-January 2024 using the ‘Concentration Count’ method in each wetland habitat type. Based
on observations, 34 species of waterbirds were found in all wetland habitats with a total of 7468 individuals. The mudflats of
Muncar Beach had the highest species diversity with a total of 32 waterbird species, one of which, the East Gajahan species,
was the first recorded finding in eastern Java. 22 migratory waterbird species, 8 resident waterbird species, and 4 resident
migratory waterbird species were found. Based on IUCN status, 5 species were found to be Near Threatened (NT), and 3 were
found to be Endangered (EN). The index value of waterbird species diversity in each wetland habitat type was categorized as
moderate (H'=1.895 - 2.594), except for the mangrove habitat which was classified as low (H=0.719). The PCA results
showed that the presence of waterbirds was influenced by habitat conditions and environmental parameters (temperature, air

humidity, light intensity, salinity).
Keywords: Waterbirds, Migration, Wetlands, Diversity

INTRODUCTION
Waterbirds are ecologically dependent

on wetland ecosystems for foraging, roosting,
resting, nesting, egg-laying, and incubation
(Soendjoto, 2018). Waterbirds are generally
categorized into three groups based on
habitat, although the boundaries between
groups are not very clear. Firstly, seabirds that
feed in the sea. Second, freshwater birds that
feed in freshwater waters such as rivers,
ponds, or rice fields. Third, shorebirds whose
habitat is in coastal waters for feeding,
nesting, and resting (Gitayana, 2011, Nurdin
et al., 2021). Based on their stay in an area,
waterbirds are divided into residents and
migrants (Soendjoto, 2018). Most shorebirds
in Indonesia are migratory birds in
Indonesian wetland areas to feed, breed, and
rest while waiting to return to their breeding
grounds (Howes et al., 2003, Qomariah et
al, 2022).

Waterbirds live in wetland habitats,
such as mangrove forests, mudflats, and
artificial wetlands such as ponds (Anggreani,

2019). Waterbirds (shorebirds and seabirds)
are often found foraging for invertebrates in
puddles on mudflats (Khalil et al., 2021).
Seabirds use mudflats to rest. Some species of
water birds such as little egrets (Egretta
garzetta) prefer pond areas with shallow
water. This is because in pond areas with
shallow water, there are small fish that are
food for little egrets (Zou et al., 2006, Khalil
et al., 2021). The presence of waterbirds in
wetland areas is related to the occurrence of
food webs in the area (Noor et al., 1995,
Lasantu et al., 2020).

Essential Ecosystem Areas have the
potential for high levels of biodiversity, and
habitat for endangered/endemic species and
can become buffer zones for conservation
areas. One of them is Pangpang Bay, which
has become an Essential Ecosystem Area by
providing wetland habitat for migratory and
resident waterbirds. Pangpang Bay Essential
Ecosystem Area is an East Asia Australia
Flyway (EAAF) bird migration route because
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it has the potential for migratory waterbird
stopover habitat (Sari, 2023, Ananda, 2023).
Increasing development and human
activities are affecting the pathways of EAAF
migratory birds and could potentially lead to
the loss or reduction of waterbird populations
(migratory shorebirds). Migratory waterbirds
require healthy flight paths to find optimal
environments and habitats for foraging,
breeding, and caring for their young
(Newton, 2010, Basu Roy et al., 2023). The
presence of waterbirds is critical in the
balance of wetland ecosystems as waterbirds
can control insect populations, and assist
with  pollination, and seed dispersal
(MacKinnon et al., 2010, Nurmaeti et al.,
2018).
Pangpang Bay Essential Ecosystem
Arca has several types of wetland habitat,
namely Muncar beach mudflats, Kili-Kili
tower mudflats, mangroves, and Kili-Kili
ponds that support the presence of resident
and migratory waterbirds. The availability of
food sources and habitat conditions can
influence the level of waterbird diversity in
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cach  wetland habitat  type, especially
mudflats. The level of waterbird diversity
affects the balance of the wetland ecosystem.
Therefore, the purpose of this research is to
study the diversity and abundance of
waterbirds, study the relationship between
species presence and environmental factors in
each wetland habitat type. In addition, this
research is expected to increase information
on the distribution of waterbirds in Indonesia
and waterbird conservation efforts in wetland
areas in the Pangpang Bay Essential
Ecosystem Area.

RESEARCH METHODS

This resecarch was conducted in Pangpang

Bay EAA, Banyuwangi Regency (Figure 1),
from October 2023 to January 2024. The
observation locations in Pangpaang Bay EAA
were divided into three locations divided into
four observation points: mudflats of Muncar
Beach (8°26'59.7 S, 114°20'59.7 “E),
mangroves and Kili-Kili ponds (8°29'44.3 S,
114°21'35.3 “E) and mudflats of Kili-Kili
Tower (8°30'12.6 7S, 114°21'31.1 ’E).

Figure 1. Research Location Map. A) Hamparan lumpur Pantai Muncar; B) Mangrove Kili-Kili; C) Hamparan
lumpur menara Kili-Kili; D) Tambak mangrove Kili-Kili
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1. Research Objects and Tools

The study's object was to determine the
number of species and individuals of
waterbirds and environmental parameters
such as temperature, air humidity, salinity,
and light intensity in Pangpang Bay EAA.
Research tools used included GPS, camera,
binoculars, stationery, bird identification
books of Sumatra, Kalimantan, Java, and Bali
(SKJB, 2010), thermometer, hand counter,
lux meter, hand refractometer, thermometer,

and hygrometer.

2. Research Methods and Design
This  research

Concentration Count at ecach observation

method uses a

point, which focuses on one or several points
that are considered the center of bird
presence (Sabrina et al., 2019). The location
and observation points were determined by
purposive sampling method based on the
type of wetland habitat that supports the
presence of waterbirds, especially migratory
waterbirds. The observation points consisted
of Muncar Beach mudflats (HL1), Kili-Kili
tower mudflats (HL2), mangroves (Mr), and
ponds (Tb) in Kili-Kili.

3. Data Collection

Waterbird data were collected using the
concentration count method with an interval
distance  of 50 Waterbird
observations at each observation point (HL1,
HIL2, Mr, and Tb) were carried out with a
certain time interval, namely 2-3 hours based

meters.

B
o
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on the tidal schedule (Tides application).
Each observation point was conducted 7
times during the migration season (October-
January). Waterbird data was supported by
environmental ~ parameters  at  each
observation point including air temperature,

air humidity, salinity, and light intensity.

4. Data Analysis

Waterbird data were analyzed using the
Shannon-Wiener species diversity index (H'),
species evenness index (E), and Margalef
species richness index (DMg) (Rifai et al.,
2024).  Correlation
waterbird

analysis  between

species  components  and
environmental parameters in each wetland

habitat type was analyzed using PCA, with
XLSTAT software (Vidal et al., 2020).

RESULT AND DISCUSSION

1. Waterbird Species Diversity in the
Wetland Habitat of Pangpang Bay

Essential Ecosystem

There were 34 waterbird species with a
total of 7468 individuals found across all
wetland  habitat types of Pangpang Bay
(Table 1), with 32 waterbird species in the
mudflats of Muncar Beach, 18 waterbird
species in the mudflats of Kili-Kili tower, 5
waterbird species in Kili-Kili mangrove, and
10 waterbird species in Kili-Kili pond.
Species diversity was highest in the mudflats
of Muncar beach (Figure 2).
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Figure 2. Diversity of Waterbirds in the wetland of Pangpang Bay
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Habitat conditions and the amount of
food are factors that influence the presence of
waterbirds. The mudflats of Muncar Beach
are dominated by muddy sand and are
adjacent to the fish harbor area.  Organic
waste from the disposal of fishermen's catches
becomes a substrate that supports the life,
development, and diversity of
macrozoobenthos (Rosdatina et al., 2019).
Invertebrates are a source of food for
waterbirds. The presence of large numbers of
invertebrates can attract a variety of waterbird
species to choose wetland areas for feeding,
breeding, and other activities (Fairbairn and
Dinsmore 2001, Kostecke et al. 2005,
Chanate et al., 2020).

The mudflat habitat of Kili-Kili tower
has a lower diversity of waterbirds than that
of Muncar Beach. Differences influence this
in location and habitat conditions. In the
mudflats of Kili-Kili tower, the habitat is
waterlogged mud and surrounded by
mangroves (Figure 1). Habitat conditions in
the form of stagnant water in the mudflats of
Kili-Kili tower interfere with waterbirds in
finding food. This is supported by research
(Winara, 2017) which says that stagnant
water on mudflats is a means of spreading
invasive plants so that water bird habitat is
threatened, especially habitat as a place to
find food.

Kili-Kili mangrove and pond habitats
have waterbird species diversity that tends to
be lower than mudflat habitats.  Few
waterbird species were encountered in the
mangroves and ponds, except for a few
species of egrets that utilized the mangroves
and ponds for roosting, foraging, and
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breeding. Mangroves have fewer waterbirds
than muddy beaches because mangrove
beaches are more often used as resting and
nesting sites for waterbirds (Irmawan et al.,
2014). Waterbirds tend to prefer pond
habitats because they provide a variety of
food sources, especially for fish- and shrimp-
ecating waterbirds (Master et al., 2016,
Makkatenni et al., 2023).

The  Pangpang  Bay  Essential
Ecosystem Area has great potential to support
migratory waterbirds, especially the mudflats
of Muncar Beach (Table 1). Based on data
collection, 22 migratory waterbird species, 8
resident waterbird species, and 4 resident
migratory waterbird species were found.
Research (Sari, 2023) suggests that Pangpang
Bay EAA is traversed by the East Asia
Australia Flyway (EAAF) migratory bird path
and plays an important role as a stopover for
migratory waterbirds, especially in mudflat
habitats (Sari, 2023). Habitat conditions and
the presence of food sources in the mudflats
of Muncar Beach support the presence of
migratory birds.

Based on IUCN status, 3 waterbird species
were found to be endangered (EN), namely
Numenius madagascariensis, Charadrius
Mongols, and Calidris tenuirostris. 5 species
of waterbirds are near threatened (NT),
namely Limosa lapponica, Numenius
Calidris Calidris
ruficollis, and Tringa brevipes. The discovery

arquata, ferruginea,
of the species Numenius madagascariensis or
Gajahan Timur is the first record in eastern
Java in Pangpang Bay EAA, Banyuwangi
Regency (Atlas Burung Indonesia, 2020).

- 1Vers1 o aterbirds 1n the etland o an an ) ssenti cosystem c€a...
116 - Diversity of Waterbirds in the Wetland of Pangpang Bay Essential Ecosystem Ar



Bioeksperimen, Volume 10 No. 2 (September 2024)

ISSN 2460-1365

Table 1. Waterbird species diversity and abundance in each wetland habitat type of Pangpang Bay Essential

Ecosystem Area

. Number of Individual Status Migrasi  Status
Spesies .
No. Simbol IUCN
Name HL1 HL2 Mr Tb Yy M M&R
PCA
1 Ardeola speciosa A.spc 195 151 129 44 519 - - LC
2 Butorides striata B.str 1 7 0 3 11 - - LC
3 Egretta sacra E.sac 1 0 0 1 - - LC
4 Egretta garzetta E.gar 243 201 309 45 798 - - LC
Ardea LC
] ) Ainom 111 66 286 55 518 - -
5 intermedin
6 Bubulcus ibis B.ibis 0 0 3002 41 3043 - - LC
Pluvialis LC
P.sqt 8 0 0 0 8 - -
7 squatarola
Charadrius ) LC
) ] C.jav 175 0 0 0 175 - -
javanicus
Pluvialis fulva P.fulv 302 11 0 0 313 + - LC
Charadrius LC
) C.dubius 8 0 0 0 8 + -
10 dubius
Charadrius LC
. C.lesch 35 75 0 0 110 + -
11 leschenaultii
Charadrius EN
C.mgl 24 119 0 0 143+ -
12 mongolus
Gelochelidon LC
o G.nlt 5 0 0 0 5 + -
13 nilotica
14 Thalasseus bergii T bergii 4 0 4 - + LC
15 Sterna hirundo S.hrd 503 62 565 - + LC
Hi t LC
TP Hhgps 4 0 0 0 4 - .
16 himantopus
Li NT
zma:‘a L. lpnc 4 0 0 0 4 - +
17 lapponica
Numenius NT
N.aqt 87 28 0 0 115 + -
18 arquata
Numenius EN
N.mcs 7 0 0 0 7 + -
19 madagascariensis
Numenius LC
N.phae 58 0 0 0 58 + -
20 phacopus
Calidris EN
C.trs 130 225 0 20 375 o+ -
21 tenuirostris
Calidris NT
Cfen 2 0 0 0 2 4 -
22 ferruginea
Calidri NT
s Ced 4 0 0 0 4 4 ;
23 ruficollis
24 Calidris alba C.alba 46 46 + - LC
25 Xenus cinereus X. cnr 4 + - LC
26 Tringa brevipes T.brv 5 + - NT
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. Number of Individual Status Migrasi  Status
Spesies .
No. Simbol IUCN
Name HL1 HL2 Mr Tb > M R M&R
PCA
Tringa LC
T. neb 20 3 0 0 23 - -
27 nebularia e *
28  Tringa totanus T.ttn 44 32 0 7 83 o+ - - LC
Actitis Ah 2 71 0 0 8 ke
29 hypoleucos e o i
Arenaria . LC
. Alitp 60 62 16 42 180 + - -
30 interpres
Tri LC
e T.snt 6 0 0 0 6 + - -
31 stagnatilis
32 Tringa glareola T.glar 15 4 0 2 21 + - - LC
Cloreold  Gmde 1777 0 8 ke
33 maldivarum ey o i
34 Fregata minor F.min 0 31 0 31 + - - LC

Jumlah Spesies 32 18

10 0 22 8 4

Jumlah

2300
Individu

1159 3742 267 7468

Description: HL1 = Hamparan Lumpur Muncar, HL2 = Hamparan Lumpur Kili, Mr = Mangrove, Tb = Tambak, R = Residen,
M = Migrasi, LC = Least concern, NT = Near threatened, EN = Endangered.

2. Waterbird Species Abundance in

Pangpang Bay

The abundance of waterbird species in
wetland habitats was 7468 individuals spread
across all wetland habitats, namely Muncar
beach mudflats, Kili-Kili tower mudflats,
mangroves and Kili-Kili ponds (Table 1).

The highest abundance of waterbirds in
each habitat was found in the Kili-Kili
mangrove with 3742 individuals, with the
highest number of waterbird individuals
being the species Bulbulus ibis with 3043
individuals (Table 1). Mangroves are used by
Bulbulus ibis in the breeding phase, namely
making nests, and storing and incubating
eggs. Mangroves are habitats for waterbirds
such as heron species that support nest
building, provide perches, and provide
abundant food sources (Purify et al., 2019,
Ramadhani et al., 2022).

The lowest abundance of waterbirds in
Kili-Kili pond habitat was 267 individuals.
There were many human activities such as
pond farmers, people looking for shellfish,

and other activities that influenced the low

diversity of waterbirds in pond habitats. In
addition, the limited number of food sources
needed by waterbirds in pond habitats is a
factor in the abundance of waterbirds.

In the mudflats of Muncar Beach, 2300
waterbirds were found, some of which
included migratory waterbird species with
relatively high abundance, namely Pluvialis
fulva, Sterna hirundo, Glareola maldivarum,
and Charadrius javanicus (Table 1). In
contrast, the mudflats of Kili-Kili tower had
a relatively moderate abundance of 1159
waterbirds.

3. H', E, DMg values of Waterbirds in
cach Wetland Habitatof Pangpang Bay
Waterbird species diversity index values

for each wetland habitat type in Pangpang

Bay varied (Table 2). Based on the results of

research on the mudflats of Muncar Beach, it

is known that the H' index value is relatively
high, namely H’=2.594 in the medium
category, which indicates that the Muncar

Beach mudflats the

presence of waterbirds, especially migratory

ecosystem  supports
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waterbirds (Rifai, Bakhtiar Ahmad et al,
2024).  Migratory
periodically from the Northern to Southern

waterbirds  travel

hemisphere or vice versa to avoid winter and
food shortages in their place of origin, then
return to their place of origin in early spring
when climatic conditions and resources are
sufficient to support their breeding (Gagarin
et al., 2022). The lowest H® value was found
in the Kili-Kili mangrove habitat, H’= 0.719.

Likewise, the DMg value obtained in the
mudflat habitat type of Muncar Beach
provides an understanding that the habirtat
conditions with moderate category values
obtained DMg = 4.005. The species richness
index if the value of 2.50 <DMg'<4.00 has a
medium-level criterion (Krebs, 2014). The
lowest DMg value is found in the Kili-Kili
mangrove habitat, namely DMg = 0.486 with
a low category. This is supported by (Ismaini
ct al, 2015) which says the greater the

ISSN 2460-1365

number of species found, the higher the
richness index value obtained.

The species evenness index value (E)
found in each wetland habitat has a relatively
high category, except for the relatively small
evenness index value in the mangrove habitat
(E = 0.447). The evenness index value of the
range E < 0.5 means the low evenness of the
community is depressed (Krebs, 2014). The
relatively small value of E indicates that there
is a waterbird species that dominates the
community with many individuals that is
significantly different from the number of
other individuals in the community.
Meanwhile, a relatively high value of the E
index tends to have a relatively uniform
number of individual bird species found
(Rifai, Bakhtiar Ahmad, et al., 2024) in the
sense that each species has the same number
of individuals at each observation location
(Fauzi et al., 2023).

Table 2. H', E, DMg values of Waterbirds

Aspek HL 2 Mr Tb
Jumlah Spesies 18 5 10
Jumlah Individu 1159 3742 267

Indeks Keanekaragaman (H’)
Indeks Kemerataan (E)
Indeks Kekayaan (DMg)

2.594* 2.392** 0.719* 1.895**
0.748***
4.005** 2.410* 0.486* 1.611*

0.828*** 0.447* 0.823%**

Description: HL1 = Hamparan Lumpur Muncar, HL2 = Hamparan Lumpur Kili, Mr = Mangrove, Tb = Tambak,

***)

4. Principal Component Analysis (PCA) of
Waterbirds Spesies in the Pangpang
Bay
The interpretation results of the biplot

graph based on PCA analysis (Figure 4) for

cach quadrant showed a correlation between
bird species and habitat conditions, both
from environmental parameter factors and
the presence of vegetation in each wetland
habitat. Quadrant I shows that the presence
of waterbirds in the mudflats of Kili-Kili

Tower (HL2) is influenced by temperature.

Some waterbird species that depend on

Glareola

temperature  conditions  are

kategori tinggi, **) kategori sedang, *) kategori rendah.

maldivarum, Butorides striata, Tringa
tetanus, and Charadrius mongolus.

Quadrants II and III have relatively high
levels of waterbird diversity and abundance
(Figure 3). Environmental parameters such as
salinity, air humidity, and light intensity
influence the high diversity of waterbird
species. In addition, tidal conditions are also
an important factor in supporting the
prescnce  of  waterbirds.  Based  on
observations, the presence of waterbirds
during low tide conditions is found in
mudflats as a source of food.
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Biplot (axes F1 and F2: 88.83 %)
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Figure 3. PCA Results of Waterbird Species in Pangpang Bay EAA

Quadrant IV shows the similarity of species
occupying mangrove and pond habitats. PCA
results show that waterbird species found in
mangrove and pond habitats are not
influenced by environmental parameters
(Figure 3). Mangrove vegetation density can
provide food sources and breeding. As done
by Bubulcus ibis and Ardea intermedia found
in mangrove and pond habitats.

CONCLUSION

Thirty-four species of waterbirds were found

in all wetland habitats of Pangpang Bay. The
highest diversity of waterbird species was
found in the mudflat habitat of Muncar
Beach with 32 waterbird species, while the
lowest diversity was found in the Kili-Kili
mangrove with a total of 5 waterbird species.
The abundance of waterbird species in all
7468
waterbirds. The highest abundance was
Bulbulus ibis with a total of 3742 individuals

wetland  habitats  was individual

in the Kili-Kili mangrove habitat. Diversity
index, DMg and E values indicate that
overall wetland habitats in Pangpang Bay
support resident and migratory waterbirds.
analysis  results

Principal component

showed that waterbird presence was related to

habitat

parameters, particularly light intensity and air

conditions and environmental
humidity. Conservation efforts are needed in
Pangpang Bay to maintain optimal flight
The

importance of community engagement and

for migratory waterbirds.

paths

socialization on the presence of migratory
waterbirds in Pangpang Bay.
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