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ABSTRACT

Land-use change from a rubber plantation into the ITERA campus area causes an ecological transition. The components of ecology affected
are vegetation and wildlife (bird). Geographic information systems can be used to assess the condition of vegetation and its relation to the ecological
component. This study analyses bird diversity, vegetation condition through the NDVI value distribution, and then analyses the bird distribution
based on vegetation condition. Observation in transect is the method for collecting bird distribution data. Analyses of vegetation condition was
carried out based on NDVI. Analyses of bird distribution based on vegetation condition was carried out spatially by overlaying thematic maps of
vegetation with bird distribution. This research found 28 bird species belonging to 18 families with diversity index (H’) 1.84. The highest abundance
species were Lonchura punctulata, Passer montanus, and Hirundo tahitica. The NDVI values ranged from -0.64-0.87. ITERA vegetation conditions
are divided into five classes: very rare vegetation (VRV), rare vegetation (RV), m vegetation (MV), dense vegetation class (DVC), and very dense
vegetation (VDV). Total encounters with birds in this study were 753. The distribution of birds to the vegetation conditions in ITERA has a higher
tendency and diverse vegetation have implications of birds to use the vegetation. In the VRV class, there were 4 encounters, RV 37, MV 157, DVC
235, and VDV 315. Also, the number of bird species tends to increase along with the increasing vegetation value. Lonchura punctulata is a bird with
the highest abundance in each vegetation class, followed by Passer montanus and Pycnonotus aurigaster.

Key words: bird distribution, ITERA, land-use change, vegetation condition

INTRODUCTION

The campus area of Institut Teknologi Sumatera
(ITERA) is an area that is experiencing rapid
development. ITERA was established on a rubber
plantation area of 275 ha in 2012 which caused a change
in the function of the plantation area into an office area.
According to Stein et al. (2014), there is an
interdependence relationship between biotic factors and
the combination of abiotic factors that affect the
composition of organism species in an area. Vegetation
changes are indicated to lead to changes in the biotic and
abiotic factors of an area.

Birds are one of the potential biodiversity found in
ITERA area. The existence of birds in an area plays a
great role in maintaining ecosystem stability (Mustari et
al., 2014). Birds in ecosystems have a significant role in
ecological processes (balancing the food chain), function
as pollinators and distribution agents of seeds and
ectomycorrhizae, and as the pest predators (Gullion,
2003; Ramdhani, 2006). In addition, birds bring a lot of
benefits for humans, such as for research material,
education, tourism, environmental indicators, sources of
animal protein, and having aesthetic and economic
values (Ramdhani, 2006). Bird communities can change
with changes in their habitat. As reported by Barlow et
al., (2006), the degradation and fragmentation of bird
habitat may affect the bird communities. One of the

research activities to examine the relationship between
the existence of a species and the components of habitat
which affect the species is by using the distribution
model approach of species (Franklin, 2009).

Currently, geographical information systems are
developing rapidly and are useful for many scientific
fields, one of which is wildlife conservation. Spatial
information is a significant component in managing
biodiversity to determine management options based on
physical, biological, social, and economic aspects
(Prasetyo, 2017). Geographical information systems can
be used to map wildlife distribution including birds in an
area by processing coordinate data. This technology is
very useful for managing wildlife conservation in an
area. Moreover, the management of vegetation in an area
is very important and it will determine the condition of
its biodiversity.

Geographical information system technology can be
used to assess the vegetation condition in an area, one of
which is through the Normalized Difference Vegetation
Index (NDVI) method. NDVI is one of the methods in
spatial information systems to transform images in a
vegetation study and is commonly used to process
ecological data in forestry (Tucker, 1979; Dale, 1998).
According to Sudiana and Diasmara (2008), NDVI is an
index that shows the vegetation greenness in an area.
This method will be very helpful in assessing the
vegetation condition in ITERA area after the land
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clearing. Vegetation changes in ITERA area are
indicated to affect the ecological condition of the existing
birds. According to Kuswanda (2010), there is a
relationship between vegetation composition and the
diversity, abundance, and density of bird species in
Batang Gadis National Park. Therefore, this study aims
at analyzing the diversity of bird species, vegetation
conditions in ITERA area using NDVI value, and bird
distribution based on vegetation conditions in ITERA.
This research can be used as the first source to complete
the information on the condition of diversity in ITERA
area so that it can be used as a basis to determine the
management options in ITERA area.

RESEARCH METHOD

This research was conducted in ITERA which has
an area of 275 Ha, from July 8 to August 22, 2019. The
tools used in this research were cameras, GPS, distance
meter, bird guide book, stationery, and notebook. Bird
observation was carried out at 06.00-08.00 am and 04.00-
06.00 pm. The observation time was adjusted to the time
when birds were most active, which was in the morning
and evening. The method used in this research was an
observation on the observation path (Figure 1). Bird
sampling was carried out by making six observation path

Bird Distribution in Itera Campus Area

in each area with a length of £ 1.3 km, a width of 100 m
(50 m to the right and 50 m to the left), and a distance
between transects of + 350 m. The observation was
repeated 3 times with a total of 18 observations on each
observation path. The data collection technique on the
transect was carried out by observing data on bird
species, the number of individuals, tagging the location
of the observation points, and calculating the distance
between the position of the bird and the observation path
to determine the coordinate point of the bird.

Data analysis of bird diversity and abundance was
carried out using the following formulas:
a. Shannon-Wiener  Species Diversity

(Magguran, 2004)

H' = —Zpilnpi

Description: H” = Species diversity index; pi = Richness
value (ni/Ni)
b. Relative Abundance

Ni
Pi (%) = X 100%

Index

Description: Pi= Relative abundance; Ni= Total
individuals of each species; N= Total
individuals of all species
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Figure 1. Campus area of Institut Teknologi Sumatera and Observation Path
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The analysis of vegetation conditions was carried
out in these three stages:
a. Image Pre-Processing

Satellite image data that had been obtained were
then processed with radiometric and atmospheric
correction processing. The radiometric correction was
conducted by converting raw numerical data (digital
number) of satellite images into radians. Atmospheric
correction was then carried out to correct the difference
in the reflection values due to the difference in earth-sun
distance at each recording date (Muchsin and Fibriawati,
2017).
b. Supervised Classification

Supervised classification was carried out to obtain
land cover information. In this research, the land cover
was limited to two classes, which were vegetation area
and non-vegetation area. The algorithm used in this
classification is the maximum likelihood algorithm
(Projo, 2012). This classification process requires the
data from field sampling which will be validated with the
training area that is previously made (Dwiputra et al.,
2019). This research used 137 training areas.
c. Analysis of normalized difference vegetation index

(NDVI) distribution

NDVI is an index that shows the vegetation
greenness in an area. NDVI values may range from -1
(non-vegetation) to +1 (vegetation with the highest level
of greenness). NDVI is commonly used as an accurate
indicator for assessing the level of vegetation cover
(Soewarso, 2003). NDVI analysis was carried out based
on Rouse et al., (1974) by processing the Sentinel-2
image acquired in 2019 using NIR band (Near Infrared)
and red band (RED) with the following formula:

_(NIR—RED)
Novl = (NIR + RED

Description: NIR (Sentinel-2 image Band 8); RED
(Sentinel-2 image Band 4)

NDVI transformation would produce a value
between -1 to +1. An NDVI value between +0.1 to +0.7
is considered as a vegetation class and a value greater
than +0.7 represents a better level of vegetation health
(Prahasta, 2008). Furthermore, the NDVI values were

classified using the formula below:
oy XEXF

k

Description: KL (interval class); Xt (highest value); Xr
(lowest value); K (expected class)

In this research, 5 classes of NDVI values were
classified following the research of Sari et al. (2005) with
modifications adjusted to the field conditions: very rare
vegetation (VRV), rare vegetation (RV), medium
vegetation (MV), dense vegetation (DV), and very dense
vegetation (VDV).

Analysis of bird distribution was carried out to
analyze the composition of bird communities at certain
land cover types based on the NDVI value. The analysis
of this distribution was conducted spatially by overlaying
the bird distribution map and the vegetation condition
class value map based on the NDVI value. The results of
this overlay showed the percentage of birds in each
vegetation condition. The bird distribution in each
vegetation condition represents how the ecological
pattern of bird behavior is related to the life needs such
as food and shelter. The data of food and shelter needs
were analyzed using secondary data.

RESULT AND DISCUSSION

1. Bird Diversity and Relative Abundance in
ITERA

The results of the research showed that the bird
species found in ITERA area were 28 species from 17
families with a diversity value (H ") of 1.84 (Table 1).
The research by Apriliano et al., (2018) in a campus
close to ITERA, which was UIN Raden Intan Lampung
(UIN-RIL), showed that there were 24 bird species from
16 families. ITERA has more types of bird (4 species)
apart from being indicated due to the difference in areas
(UIN-RIL 51.8 ha; ITERA 275 ha), ITERA also has
more types of habitat (forest, water bodies, open area,
and shrubs), and human activities at ITERA in
undeveloped locations are less compared to the activities
at UIN-RIL. The bird diversity value in ITERA is almost
the same as those in the coffee plantation landscape (817
ha) of 1.92 (Kamal et al. 2013). Therefore, the diversity
value in areas with vegetation that is disturbed by
community activities has a relatively close diversity
value.

The species with the highest abundance value were
scaly-breasted munia (54%), eurasian tree sparrow
(10.5%), and pacific swallow (7.5%). Scaly-breasted
munia and eurasian tree sparrow have a high abundance
value presumably due to the open space observation area
and vegetation that provide a source of food such as
grains from grass and shrubs (MacKinnon et al., 2010).
Pacific swallows are insectivorous birds and eat small
fish. The potential for insects in ITERA area is very high
due to the shrubs and grassland. The presence of an
"embung" (artificial lake) in ITERA also supports
swallows looking for small fish. In addition, eurasian tree
sparrow and pacific swallow are cosmopolitan birds that
have a fairly wide distribution and have high adaptability
in various habitats. These types of bird can be associated
with humans and live in groups around the settlements
(Mackinnon et al., 2010).
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Table 1 List of bird species in ITERA

Bird Distribution in Itera Campus Area

No Family Type Scientific Name Guild
1  Accipitridae Black-Winged Kite Elanus caeruleus Carnivore
2 Alcedinidae White-Throated Kingfisher Halcyon smyrnensis Piscivore
3 Alcedinidae White-Collared Kingfisher Halcyon chloris Piscivore
4 Apodidae Cave Swiftlet Collocalia linchi Insectivore
5  Ardeidae Cinnamon Bittern Ixobrychus cinnamomeus Piscivore
6  Ardeidae Javan Pond-Heron Ardeola speciosa Piscivore
7  Ardeidae Great Egret Ardea alba Piscivore
8  Ardeidae Purple Heron Ardea purpurea Piscivore
9  Artamidae White-Breasted Woodswallow Artamus leucorynchus Insectivore
10  Caprimulgidae Savanna Nightjar Caprimulgus affinis Insectivore
11 Columbidae Zebra Dove Geopelia striata Granivore
12 Columbidae Spotted Dove Streptopelia chinensis Granivore
13 Cuculidae Lesser Coucal Centropus bengalensis Insectivore
14 Cuculidae Banded Bay Cuckoo Cacomantis sonneratii Insectivore
15  Hirundinidae Pacific Swallow Hirundo tahitica Insectivore
16  Laniidae Long-Tailed Shrike Lanius schach Insectivore
17 Motacillidae Australasian Pipit Anthus novaeseelandiae Insectivore
18  Ploceidae Javan Munia Lonchura leucogastroides Granivore
19  Ploceidae Scaly-Breasted Munia Lonchura punctulata Granivore
20  Ploceidae Eurasian Tree Sparrow Passer montanus Granivore
21  Pycnonotidae Sooty-Headed Bulbul Pycnonotus aurigaster Frugivore
22 Pycnonotidae Yellow-Vented Bulbul Pycnonotus goiavier Frugivore
23 Rallidae White-Breasted Waterhen Amaurornis phoenicurus Omnivore
24  Rallidae Slaty-Breasted Rail Gallirallus striatus Insectivore
25  Silviidae Zitting Cisticola Cisticola juncidis Insectivore
26  Silviidae Ashy Tailorbird Orthotomus ruficeps Insectivore
27  Sturnidae Common Myna Acridotheres tristis Insectivore
28  Turnicidae Barred Buttonquail Turnix suscitator Omnivore

2. Vegetation Condition Based on Normalized
Difference Vegetation Index (NDVI)

The vegetation of ITERA area has changed since
the development of ITERA began from a rubber
plantation. Based on the results of NDVI analysis in the
entire ITERA area, NDVI value range was obtained
between -0.64 to 0.87. According to Prasetyo (2017), the
higher the NDVI value, the denser the land cover is. The
NDVI value < 0.1 at the research location indicates that
the non-vegetation land cover is in the form of an
"Embung" (artificial lake) (Sari et al., 2005). This is in
line with the research of Febrianti and Sofan (2014)
which shows that the NDVI value < 0 indicates cover in
the form of clouds, ice, snow, and water bodies, and the
values from 0 to 0.1 are generally the characteristics of
rocks and empty land. The highest NDVI value at the
research location was 0.87 referring to an area that still
had old rubber trees (Hevea brasiliensis) that remained
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from rubber plantations and the ITERA Arboretum
which was dominated by Acacia mangium as a result of
reforestation activities. According to Sari et al. (2005);
Febrianti and Sofan (2014), the values > 0.8 represent an
area with high vegetation cover/tropical rain forest.
Therefore, the results of NDVI analysis in this research
are acceptable since they are in accordance with the
results of other studies and actual condition in the field.
Analysis of vegetation conditions in ITERA area
was carried out by dividing the NDVI value into five
classes. NDVI class values for very rare vegetation
condition (VRV) ranged from -0.64-0.10 (14.60 Ha), rare
vegetation class (RV) 0.10-0.27 (25.84 Ha), medium
vegetation class (MV) 0.27-0.43 (53.68 Ha), dense
vegetation class (DV) 0.43-0.58 (86.09 ha), and very
dense vegetation class (VDV) 0.58-0.78 (97.58 Ha)
(Figure 2). The results of the analysis show that there are
differences and increases in the area from VRV to VDV
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classes. It is related to the secondary succession process
in the area, community plantation activities and
revegetation activities in ITERA area.

The secondary succession process occurred in
ITERA area after land clearing from a rubber plantation
to an open area, then the secondary succession was
started with the growth of grass and shrubs. According to
Van Dijk et al. (1987), the vegetation index pattern
increases since the beginning of growth (vegetative
phase) and reaches its peak at the maximum vegetative
growth, then decreases in the generative growth phase.
Therefore, from the results of the data analysis of NDVI
class values, ITERA now has a vegetation index pattern
in the increasing phase, seen from the trend of area
increase from VRV to VDV classes.

The results of field verification for each class
(Table 2) show that some locations of ITERA area are in
the early stage of succession, indicated by the growth of
pioneer vegetation such as grass and shrubs. In addition
to natural succession, ITERA vegetation develops due to
revegetation activities and community agricultural
activities so that the vegetation conditions of ITERA area
begin to improve. The results of image processing
obtained the observed percentage in each vegetation
condition (NDVI class). In general, the observed
percentage in each NDVI class ranges from + 30% of the
total area of each class except for the VRV class because
it is a water body. Therefore, in this research, it is
considered that the effort to identify the bird distribution
in each vegetation condition is relatively the same and
comparable.
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Table 2 Results of field verification in each NDVI class and proportion of the observed area

Observed area in

0,
No. NDVI Class Field Verification Area transect &
(Ha) (Ha) observed
1 Very rare vegetation Water body (embung) and building 14.6 2.67 18.29
(VRV)
2 Rare vegetation Open space dominated by land 25.84 8.99 34.81
(RV)
3 Medium vegetation  Open space of road and grass 53.68 19.90 37.07
(MV) vegetation
4 Dense vegetation Open space dominated by shrubs and 86.09 28.40 32.99
(DV) agricultural crops (watermelon, corn,
and cassava)
5 Very dense Combination area of grass, shrubs 97.58 30.69 31.45

vegetation (VDV)

and trees (stake and pile level)
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3. Bird Distribution Based on
Conditions in ITERA Area

In general, bird species are scattered throughout the
observation path. The bird distribution map shows the
bird encounter points throughout the observation path
(Figure 3). The path with the highest species richness
was path 6 with 22 species and path 1 with 21 species.
These two paths are edge areas and ecotone habitats that
do not have high disturbance and are bordered by
community plantations. In line with the research
conducted in Gunung Walat Educational Forest
(GWUF), the individual abundance and bird species
richness is higher in ecotone habitats (Tamnge et al.,
2016). According to Mardiastuti (2015), edge effects
have an influence on the diversity and abundance of
individual birds because they provide a more favorable
habitat for sustaining their lives.

The overlay results of bird distribution in ITERA
vegetation conditions obtained 3 species (4 encounters)
in the VRV class; 12 types (37 encounters) in the RV
class; 21 types (157 encounters) in the MV class; 28
species (235 encounters) in class DV; and 23 species
(315 encounters) in the VDV class (Figure 4). The
highest bird composition was found in the DV class with

Vegetation
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an open area dominated by shrubs and agricultural crops
(watermelon, corn, and cassava). The combination of
grass and shrub vegetation provides opportunities for
birds to easily forage. This combination is more
beneficial for the birds. According to Tews et al. (2004),
the more diverse types of vegetation in a habitat, the
more it will further support the food for birds so that they
will get various choices of types of food. A good habitat
for bird survival is a habitat that can protect them from
disturbances and can provide them daily needs (Hernowo
and Prasetyo, 1989).

The analysis results of bird distribution based on
vegetation conditions have a tendency that the higher the
value of the vegetation, the higher the bird encounters
(Figure 5). The increase in bird encounters occurs from
low to high vegetation types. Vegetation is part of the
habitat which provides the needs of animals for shelter,
breeding and food sources (Fleming, 1992). According to
Tews et al. (2004) in their study, they stated that there is
a positive correlation between habitat heterogeneity and
wildlife species diversity. Changes in habitat use by birds
are greatly influenced by vegetation conditions and the
selection of habitat use by birds according to their needs
(Lambert, 1992; Wiens, 1992).

ilo 0125 o025 05 0,75

™ d Km

Q@ Halcyon chloris

@ Acridotheres tristis

© Halcyon

@ Ardeaalba

@ Ardea purpurea

O Ardeola speciosa

© Aramus leucorynchus
@ Cacomantis sonneratii
@ Caprimulgus affinis
O Centropus bengalensis
O Cisticola juncidis

QO Collocalia linchi

QO Eanus caenuleus

@ Galirallus striatus
@ Geopelia striata

© Anthus novaeseelandiae

© Hirundo tahitica

O Ixobrychus cinnamomeus
@ Lanius schach

@ Lonchura leucogastroides
@ Lonchura punctulata

@ Orthotomus ruficeps

@ Passer montanus

@ Pycnonotus aurigaster
© Pycnonotus goiavier

@ Streplopelia chinensis
@ Tumix suscitator

‘5- == .: Research Area

TrgvE o ogoe

e __osyee _vogee
: VG BRGRABELTING
"BENGKUISUMATERA SELATAN R

e A




Media Konservasi VVol.26 No.2 Agustus 2021: 83-91

350

300
250
200

Encounters

150
100
50

0 01 02 0,4 0,6 0,8

™ ™ 1 Km

@  Bird Distribution
E Research Area
- Very Rare Vegetation (4 Encounters)
- Rare Vegetation (37 Encounters)
I:] Medium Vegetation (157 Encounters)
- Dense Vegetation (235 Encounters)

N -~ A o L e s

Figure 4. Bird distribution based on ITERA vegetation conditions
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Figure 5. Total encounters, bird species and relative abundance of birds in each vegetation class

Figure 5 shows the total encounters, the number of
species, and the relative abundance value of birds in each
vegetation class. The number of bird species tends to
increase along with the increase in vegetation value. DV
class has the largest number of species. It is because DV

class provides food for granivorous and insectivorous
birds. The dominance of grass and shrub vegetation
supports the existence of grasshoppers and crickets on
the soil, grass, and shrubs as a source of food for
insectivorous birds (Erniwati, 2003). In the VRV class,
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the pacific swallow has the highest abundance by 94%. It
is because in the VRV class there are several sources of
water that are used by pacific swallows to find small fish.
According to Haslem and Bennett (2008), the
distribution of bird species is influenced by the
availability of habitat resources, for instance the food
sources.

Scaly-breasted munia has the greatest abundance
value in each vegetation class, followed by the eurasian
tree sparrow and sooty-headed bulbul. According to
Mackinnon (1990), the main food for scaly-breasted
munia and eurasian tree sparrow are rice and grass seeds.
Sooty-headed bulbuls are frugivore. Therefore, the
presence of these birds is highly correlated with the
condition of ITERA land which provides abundant food
for them.

If it is analyzed based on habitat and behavior
factors, scaly-breasted munia is abundant because it has
habitat characteristics in open cultivated lands, semi-
cultivated lands and grasslands, and using tree vegetation
for nesting and reproduction (Coates and Bishop, 2000;
Fitri et al., 2014). The eurasian tree sparrow and sooty-
headed bulbul have high abundance because they tend to
flock and have a fairly wide distribution and have high
adaptability in various habitats. Eurasian tree sparrow
and sooty-headed bulbul are associated with humans and
live in groups around settlements (Mackinnon et al.,
2010).

CONCLUSION

Analysis of bird distribution based on vegetation
conditions conducted in ITERA is a pioneer research.
The results found 28 species from 17 bird families in
ITERA campus, with a diversity value (H") of 1.84.
Scaly-breasted munia, Eurasian tree sparrow, and pacific
swallow were the species with the highest abundance
value. NDVI values in the entire ITERA area ranged
from -0.64 to 0.87. Vegetation conditions in ITERA were
divided into five classes: very rare vegetation (VRV),
rare vegetation (RV), medium vegetation (MV), dense
vegetation (DV), and very dense vegetation (VDV). The
results showed that there was an increase in the area of
each vegetation condition from VRV to VDV classes. It
is related to the natural succession process, agricultural
activities, and revegetation activities that occur in ITERA
area. The higher the NDVI class, the more diverse the
vegetation conditions are. The total number of
encounters with birds in this research was 753. Bird
distribution on vegetation conditions in ITERA has a
tendency to increase as well as the variety of vegetation.
Therefore, birds will increasingly take advantage of these
vegetation conditions. In the VDV class, there were 4
encounters, RV 37 encounters, MV 157 encounters, DV
235 encounters, and VDV 315 encounters. Moreover, the
number of bird species tends to increase along with the
increase in vegetation value. Scaly-breasted munia has
the greatest abundance value in each vegetation class,
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followed by euranian tree sparrow and pacific swallow.
This research concludes that the better the vegetation
conditions, the more diverse the bird diversity will be.
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