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DIVERSITY OF BIRDS ACROSS LAND USE AND HABITAT GRADIENTS IN FORESTS, RUBBER 
AGROFORESTS AND RUBBER PLANTATIONS OF NORTH SUMATRA. Birds play a pivotal role 
in the ecosystem, but in disturbed areas their roles may be limited due to the changes of  their natural 
habitats. This paper studies the birds' habitats in Simalungun and Asahan Districts, North Sumatra. The 
study was conducted in four habitats: natural forest, rubber agroforests, rubber monoculture plantations 
and emplacement areas. The birds were observed using descriptive survey methods by implementing a quick 
biodiversity survey, data were collected along one km transect.  The results showed that in total, 142 species 
of  birds from 42 families were observed in the four habitats. Natural forests had the highest diversity of  bird 
species, followed by rubber agroforests, emplacement areas and rubber plantations, with a Shannon-Wiener 
index of  3.8, 3.6, 3.0 and 2.9, respectively. Regarding the IUCN red list species, 12 bird species of  near-
threatened status and 2 species of  vulnerable status were recorded.  Based on CITES categories, one species 
was listed in the Appendix I, 12 species were classified in Appendix II and 26 bird species were protected 
under Indonesian regulations. Changes in the structure and composition of  the vegetation in disturbed 
forests and cleared land determined the richness of  the bird species. The different tree compositions in the 
four habitats of  the rubber estate plantations and surrounding areas influenced the number of  bird species, 
bird diversity and species composition.
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KERAGAMAN JENIS BURUNG PADA BERBAGAI  PEMANFAATAN LAHAN DAN GRADASI 
DI HUTAN, AGROFOREST KARET DAN PERKEBUNAN KARET DI SUMATERA UTARA. Burung 
berperan penting dalam ekosistem, namun pada ekosistem yang terganggu peran mereka menjadi terbatas akibat perubahan 
habitat. Studi komunitas burung di berbagai tipe habitat, pada hutan, agroforest karet, monokultur karet dan daerah 
pemukiman telah dilakukan di Kabupaten Simalungun dan Asahan, Provinsi Sumatra Utara. Burung diamati dengan 
melakukan survei deskriptif  dengan metode survei cepat biodiversitas, dengan mengkoleksi data pada transek sepanjang 1 
km. Hasil studi di keempat tipe habitat menjumpai 142 jenis burung dari 42 suku. Burung yang dijumpai di hutan memiliki 
tingkat keragaman jenis tertinggi, selanjutnya habitat karet agroforest, daerah pemukiman dan karet monokultur, memiliki 
tingkat keragaman jenis yang lebih rendah, dengan index Shannon-Wiener secara berturut-turut 3,8, 3,6, 3,0 dan 2,9. 
Tercatat 12 jenis burung dengan status kelangkaan terancam punah dan dua species dengan status rentan, menurut red-list 
IUCN. Berdasarkan kategori CITES, tercatat satu jenis burung yang termasuk Appendix I, 12 jenis burung yang termasuk 
Appendix II, dan 26 jenis burung yang dilindungi berdasarkan peraturan perundang-undangan di Indonesia. Perubahan 
struktur dan komposisi vegetasi di hutan yang terganggu dan lahan terbuka menentukan kekayaan jenis burung. Perbedaan 
komposisi jenis pohon di keempat habitat di sekitar perkebunan karet monokultur mempengaruhi jumlah, keragaman, dan 
komposisi jenis burung. 

Kata kunci: Komposisi jenis, konservasi, CITES, relung pakan
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I. INTRODUCTION
Sumatra has the lowest number of  endemic 

bird species in Indonesia. This is related to its 
geological history of  separation from the plains 
of  Asia. Sumatra has about 306 bird species 
that are also found in Borneo, 345 species that 
can be found in the Malayan Peninsula and 
211 species that also live in Java (MacKinnon 
& Phillips, 1993). A total of  583 recorded 
species inhabit the island of  Sumatra and 
438 species are breeding in Sumatra (Andrew, 
1992). These numbers increase to 602 and 450 
species, respectively when we include the small 
islands along the coast of  Sumatra. There are 
12 endemic bird species in the lowlands of  
Sumatra (Marle & Marle, 1988).

North Sumatra is covered by natural forests 
including Batang Gadis, Bohorok, Batang Toru 
and other forested areas, although most of  these 
forests are fragmented and under considerable 
pressure from land-use changes (MacKinnon, 
Phillips, & van Balen, 1998; Sirait, 2007). 
Human activities change natural environments, 
such as turning forest into agricultural land, 
plantations and infrastructure for industrial 
activities. Forest areas of  Sumatra remained 
at about 30% (13 million ha) of  the total area 
of  Sumatra in 2007 (Laumonier et al., 2010).  
Forest losses cause loss of  bird habitat and 
decrease the number of  bird species (Danielsen 
& Heegard, 1995; O’Brien & Kinnaird, 1996; 
Lane et al., 2011).  Besides hunting and trade, 
deforestation and habitat destruction are the 
most dominant drivers in reducing the number 
of  bird species and their possible extinction. 

Agroforestry may reconcile ecological and 
economic objectives, balancing the need to 
generate income along with protecting the 
environment (Nair & Garrity, 2012). In 2005, 
agroforests covered about 16.3 million ha, or 
8% of  the total area of  Indonesia (ICRAF, 
2011). Rubber agroforests (RAFs) are part of  
Sumatra’s man-made ecosystem and have been 
used by farmers for many decades. Farmers 
with limited resources plant rubber trees within 
the agroforestry system and manage the farm 
extensively. Rubber agroforests include a 
mixture of  trees, lianas, shrubs and herbaceous 

plants. Monoculture rubber plantations are 
managed by companies and farmers with 
greater resources. The basal area of  rubber 
monocultures is lower than that in the natural 
forest, because there are no large trees in the 
plantations (van Noordwijk, Tata, Xu, Dewi, & 
Minang, 2012; Tata, van Noordwijk, & Werger, 
2008).

In conservation, it is important to analyse 
the response of  birds to habitat fragmentation 
and the diversity found in a fragmented habitat, 
such as rubber monocultures. Bird conservation 
activities tend to be focused on protected 
natural forests (NF) and emphasise threatened 
species faced with extinction, but most of  
the remaining forest in Sumatra is secondary 
(Ekadinata & Vincent, 2011). Currently little 
attention is given to common species or 
species that inhabit secondary forests and agro-
ecosystems, such as rubber agroforests (RAF) 
and rubber monocultures (RMP). This paper 
studies at Simalungun and Asahan Districts, 
North Sumatra, Indonesia bird richness and 
diversity, the composition of  bird communities 
and their roles in secondary and primary forests, 
RAF systems, rubber monoculture  (RMP) and 
emplacement areas (EA) of  RMP.

II. MATERIAL AND METHOD

A. Study Area
The study was conducted from December 

2010 to January 2011 in four habitat types: 
NF, RMP, RAF, and EA, in the Districts of  
Simalungun and Asahan in North Sumatra 
Province, Indonesia (02○43’4”N and 
98o56’25”E) (Figure 1).  The EA was located 
inside the rubber plantations. The RMPs have 
been intensively managed for many years with 
regular fertilisation, weeding and tapping, 
which affected the condition of  the vegetation.   
The rubber stands in the RMP were grouped 
based on ages: 2-6 years, 12-15 years, and 22-
25 years after planting.  Two RAF plots were 
located in the surroundings of  the RMPs. RAF 
plots were managed with less fertilisation and 
weeding. Other trees were allowed to grow 
on these farms, creating mixed vegetation of  
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simple agroforestry system.
Forest plots were located in two sites: Aek 

Nauli (Bartong) forest research area in Dolok 
Merangir, Simalungun District and Aek Tarum 
forest in Asahan District. The elevation of  the 
forest plots ranged from 1200 m to 1300 m 
above sea level (asl). The size of  the Aek Tarum 
study area was 79,944.5 ha, and the Dolok 
Merangir study area was 139,353.93 ha. Each 
study site included RAFs, RMPs and EAs.

B. Data Collection
The birds were observed by descriptive 

survey methods using a quick biodiversity survey 
(QBSur) for birds (Tata et al., 2013), where data 
were collected along a 1 km transect, in total 12 
transects; and from the list of  20 MacKinnon’s 
bird species (MacKinnon & Phillips, 1993) 
simultaneously in four habitat types (e.g. NF, 
RMP, RAF, EA). The survey was completed 
within two weeks. The MacKinnon’s list is an 
established method used to record and verify 
species and to calculate bird densities. Data 
was tabulated and birds were identified using 
this nomenclature (Sukmantoro et al., 2007). 

Composition of  guilds, which are defined as a 
group of  species using the same resource in the 
same way, was adapted from Wiens (1989), the 
threat of  fragmentation of  bird species refers to 
Lambert and Collar (Lambert & Collar, 2002), 
while IUCN status refers to the IUCN Red List 
(IUCN, 2012).

C. Data Analysis
Comparison of  abundance was calculated 

from the percentage ratio of  the individual 
numbers of  a species compared to the total 
individual number that was caught. Diversity 
was calculated using the Shannon-Wiener index 
(Magurran, 1988). 

The Shannon-Wiener index was used to 
determine the diversity of  mammal species on 
each transect (Krebs, 1999) and is described by 
the following equation:

where,
H' = Shannon-Wiener diversity index
pi  = Probability of  species (relative density)
n   = Number of  species

Figure 1. Study sites in Dolok Merangir (Simalungun District) and Aek Tarum (Asahan District), 
North Sumatra. 
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Evenness index (E’) was used to estimate 
the evenness of  the species distribution of  
the birds (Krebs, 1999) and is described by the 
following equation:

where,
H'= Shannon-Wiener diversity index
S  = Number of  species

Each bird species found in the study area was 
recorded in a list containing the names of  the 
first 20 species encountered, after which a new 
list of  the recording began. This list was used to 
generate a curve of  bird species’ richness among 
different sites. Observations were made twice a 
day, in the morning from 06:00 to 11:00 and 
in the afternoon from 15:00 to 17:30 (except 
on rainy days). Tools used in this activity were 
binoculars (Bushnell 10 x 25), GPS Garmin 
Oregon 300, a digital voice recorder (Olympus 
WS-560M) and a Nikon D80 (70–300 mm Tele 
Lens). Two field identification guides were 
used (King, Woodcock, & Dickinson, 1975; 
MacKinnnon & Phillips, 1993).

III. RESULT AND DISCUSSION

A. Bird Richness and Diversity
In total, 142 species of  birds from 42 

families were recorded across all the areas 
(Appendix 1). From the total bird species 
recorded, 122 species were found in the NF, 30 
in the RMP, 39 in the EA and 46 in the RAF. 
A total of  728 individual birds were observed 
across different habitats. Encountered species 
richness, abundance, diversity and density are 
summarized in Table 1 and Figure 2.  NF was 
the most diverse in bird species, indicated by 
a Shannon-Wiener index of  3.8, followed by 
RAF (3.6), EA (3.0) and RMP (2.9). All bird 
species were distributed evenly in every types 
of  habitat, as shown by the evenness index 
value of  almost 1 (ranged 0.87–0.94).

In general, the richness of  bird species in 
North Sumatra was high. Of  the 1,589 bird 

species found in Indonesia, 583 were found in 
Sumatra (Andrew, 1992). Rubber plantations 
and surrounding areas in the two Districts 
of  North Sumatra have 124 of  the total bird 
species of  Sumatra or 8.9% of  the whole of  
Indonesia. 

The species’ richness in Simalungun and 
Asahan area (142 species) was close to the 
richness of  bird species encountered in Batang 
Toru (Jihad, 2009).  RAF in Bungo, Jambi 
Province had even higher species richness (167 
bird species) (Joshi et al., 2002). For comparison, 
in the forest habitat of  Bukit Barisan Selatan 
National Park (Jambi-Sumatra), 276 bird species 
were found (O’Brien & Kinnaird, 1996). 

The highest bird species’ richness occurs in 
NF habitat (122 species), followed by RAF (46 
species), EA (39 species) and RMP (30 species). 
Bird species were more diverse at the two NF 
sites than those in RAFs and RMPs. Although 
Aek Nauli was categorised as disturbed forest, 
bird composition was similar to that of  the 
natural forest of  Aek Tarum. Bird species 
richness in the three habitats decreased sharply 
from 122 species in the forest to 46 species in 
RAF to only 18 species in RMP (see Table 1).

The number of  species in the RMP was 
the lowest, except along river banks, which 
have more diverse vegetation. RAF had greater 
richness of  species compared with EA and 
RMP. Many food trees and trees suitable for 
nesting were still available in the RAF, such as 
durian (Durio zybethinus), candle nuts (Aleurites 
mollucana) and other fruit trees. RAF provides a 
compatible bird habitat, with mixed vegetation 
composed of  fruit trees, such as durian (Durio 
zibethinus), duku (Lansium domesticum), jengkol 
(Pithecellobium lobatum), mangosteen (Garcinia 
mangostana) and cacao (Theobroma cacao). The 
mixed vegetations attract birds searching for 
food and nesting materials. In addition, RAFs 
provide a comfortable habitat, especially for 
the Helmeted Hornbill (Rhinoplax vigil). The 
bird species in the EA were fewer than those in 
RAF, although there were some food trees for 
birds, such as Ficus and other fruit trees.

Bird diversity at a given site may also 
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reflect a high biodiversity of  other wildlife in 
the ecosystem (McNeely, 1988; Yoza, 2000). 
Bird species diversity in North Sumatra varied 
between 3.8 in forests to 2.9 in RMP areas. 
The diversity of  bird species depends on 
environmental conditions. Species diversity 
decreased in the land use gradient from 

NF to RMP, which relates to a decrease in 
environmental factors, such as structure and 
composition of  the vegetation. Among the 
four habitats, the basal area of  vegetation in 
RMP was the lowest owing to fewer large trees 
growing in monocultures. Bird diversity in RMP 
was categorised as ‘middle value’, based on 

Table 1. Statistical summary of  birds in the study areas of  Simalungun and Asahan Districts, 
North Sumatra

Habitat Types Abundance Species 
Number H' E'

NF 267 122 3.8 0.94
RMP 147 30 2.9 0.88

2–6 yr 49 15 2.5 0.91
12–15 yr 37 18 2.7 0.95
22–25 yr 56 20 2.6 0.87

RAF 103 46 3.6 0.94
EA 211 39 3.0 0.84

Remarks : H’= Shannon-Wiener index, E’=Evenness index
NF=natural forests at a protected forest area in Aek Tarum and a research forest area in Aek Nauli
Rubber Agroforest (RAF)= mixed rubber trees with other valuable trees to form simple agroforestry 
system
Rubber Monoculture Plantation (RMP)=Young rubber plantation (2–6 years), medium rubber plantation 
(12–15 years) and older rubber plantation (22–25 years)
Emplacement Area (EA)=Settlement area of  a rubber plantation with mixed fruit trees

Figure 2. Species accumulation curves by habitat types (Natural Forests=NF, Rubber 
Agroforests=RAF, Emplacement Areas=EA and 3 differently aged  Rubber 
Monoculture Plantations=RMP)
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