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Abstract. Firdaus N, Supriatna, Supriatna J. 2022. Ecosystem services research trends in Indonesia: a bibliometric analysis.
Biodiversitas 23: 1105-1117. Among the world's mega-biodiversity countries in the tropics, Indonesia has experienced the most severe
deforestation in recent decades. It is alarming that the rate is potentially disrupting the future provision of ecosystem services. On the
other hand, there is a paucity of research on ecosystem services in Indonesia, and its current state is unknown. This study provided an
overview of ecosystem services research trends in Indonesia from 1998 to 2020 using bibliometric and science mapping analysis of 298
published works from the Scopus database. Since 2013, publications on the topic have increased and grown exponentially, with
environmental science dominating the subjects, followed by agriculture and biology, and the social sciences. Biodiversitas and
Ecosystem Services are the most prolific journals for publishing results, while Science and Ecological Economics have the most
citations. Being the most productive in publications, Indonesia and the United States are also engaged the most in research
collaborations. Ecosystem services research in Indonesia is closely linked to biodiversity, deforestation, and oil palm. Furthermore, oil
palm, sustainability, and land-use change are promising topics to address in the coming years. This study suggests that the dynamics of
ecosystem services research in Indonesia call for further developments in improving the quality of impactful research through
interdisciplinary approaches, international collaboration, and the engagement of diverse stakeholders and policy-makers related to the

field, to increase the benefits of sustainable ecosystem services in the future.
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INTRODUCTION

Natural ecosystems, as a biodiversity entity, are
essential for providing direct and indirect benefits, defined
as ecosystem services, which include conditions, processes,
and components required for the sustainability of life on
earth (Costanza et al. 1997; Daily 1997; Turner and Daily
2008; Chen et al. 2020). The Millennium Ecosystem
Assessment (MA) classified these services as provisioning,
regulating, cultural, and supporting services (MA 2005).
Ecosystem  services result from interactions and
interdependence among ecosystem components, hamely
biophysical, socio-economic, and cultural aspects.
Therefore, they are fundamentally beneficial for supporting
human wellbeing as an integral part of the ecosystem
(Cardinale et al. 2012; Costanza et al. 2014). It is reported
that two-thirds of the utilized global ecosystem services
have degraded faster than the recovery period (MA 2005).
This state poses a threat to the future flow of ecosystem
goods and services in many regions, notably in the tropics
(Estoque and Murayama 2016; Li et al. 2016; Cruz-Garcia
et al. 2017; Turubanova et al. 2018; Wade et al. 2020).
Especially in the land ecosystem, the rapid growth of the
global population causes anthropogenic pressure on nature
by altering land use through rapid fragmentation,
degradation, and deforestation (Newbold et al. 2015;
Aznar-Séanchez et al. 2018; Acharya et al. 2019).

Indonesia is one of the world's most populous and ranks
third among the mega-biodiversity countries of the tropics
(Vollmer and Grét-Regamey 2013; Rintelen et al. 2017,
Soemodinoto et al. 2018). Between 1990 and 2005,
Indonesia lost 21.32 million hectares (Mha) of forest cover
out of 121.40 Mha in 1990 (Hansen et al. 2009). It is still
occurring, with 91 Mha of forest cover left in 2015 (Food
and Agriculture Organization [FAO] 2015). Furthermore,
between 2001 and 2017, the average forest loss in
Indonesia was 1.39 Mha per year, with an annual increase
of 0.075 Mha (Chen et al. 2019). This phenomenon placed
Indonesia as a country with the highest deforestation rate
than any other region in the world in the last three decades
(Newbold et al. 2015; Van Der Plas et al. 2016; Austin et
al. 2019). However, deforestation in Indonesian tropical
rainforests is a matter of concern since tropical rainforests
have a substantial impact on climate regulation, nutrient
cycles, freshwater supplies, conserving biodiversity, as
well as mitigating natural disaster impacts (Ninan and
Kontoleon 2016; Aznar-Sanchez et al. 2018; Dwiyahreni et
al. 2021). In turn, it will also disrupt the provision of the
ecosystem's goods and services globally (Turubanova et al.
2018; van der Laan et al. 2018). Therefore, this concern
encourages demands for more sustainable ecosystem
management to safeguard the ecosystem services flow
(Sumarga and Hein 2016; Zafirah et al. 2017; Wood et al.
2018; Ayompe et al. 2021) in order to achieve the fifteenth
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goal of the Sustainable Development Goals (SDGs), which
deal with protecting, restoring, and promoting sustainable
use of terrestrial ecosystems, sustainably managing forests,
preventing desertification, halting and reversing land
degradation, and halting biodiversity loss.

Concerning the global ecosystem crisis and increasing
awareness of ecosystem services' significance, the
establishment of major international initiatives, including
MA in 2001 (MA 2005), followed by The Economics of
Ecosystems and Biodiversity (TEEB) in 2007, and The
Intergovernmental Science-Policy Platform on Biodiversity
and Ecosystem Services (IPBES) in 2012, have helped to
standardize definition, classification, and assessment of
ecosystem services globally (Costanza et al. 2017; Pauna et
al. 2018). Furthermore, the ecosystem services concept has
attracted attention as a beneficial instrument for evaluating,
defining, and predicting the interdependencies between
natural ecosystems and human interests from global
scholars and policy-makers (Busch et al. 2012;
McDonough et al. 2017).

Ecosystem services have been the subject of extensive
academic discourse and analysis and have driven the rapid
increase of global scientific publications during the last two
decades (Zhang et al. 2019). Accordingly, some research
reviews of literature on ecosystem services have been
conducted in many countries worldwide (Alamgir et al.
2014; D’Amato et al. 2016; Jiang 2017), at the regional
(Balvanera et al. 2012; Wangai et al. 2016; Shoyama et al.
2017) and global level (Vihervaara et al. 2010; Costanza
and Kubiszewski 2012). However, there is a paucity of
ecosystem service research in Indonesia, and its current
state is still indefinite. To fill this gap, bibliometric analysis
and a science mapping approach were performed based on
publication data from the last 23 years (1998-2020) to
overview and identify research foci and current prospects
in ecosystem services research in Indonesia. Therefore, this
analysis aims to: 1) investigate the annual research trends
related to ecosystem services in Indonesia over the last two
decades; 2) provide an overview of ecosystem service
research in Indonesia based on journal productivity, Scopus
subject areas, countries' networks, and keywords; and 3)
evaluate and map countries' collaboration networks and
keywords in ecosystem services research in Indonesia.

This research will be relevant for practitioners,
researchers, and policy-makers, particularly those involved
in the ecosystem services field, identifying current research
trends, comprehending the most prominent research lines,
and deliberating on developing policies about ecosystem
services.

MATERIALS AND METHODS

Research design

Bibliometric analysis is a set of statistical procedures
used to analyze the text and information connected with
existing literature in certain domains (Daniels and
Thistlethwaite 2017). For the last five decades, many
researchers have applied this method for comparative
analysis of journals, research institutions, and authors to
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acquire a better understanding of growth trends in
particular topics, the structure of scientific research, and
collaboration between disciplines (Gutiérrez-Salcedo et al.
2018; Szomszor et al. 2021; Wirth et al. 2021).

A bibliometric analysis was performed in this research
by modifying the method proposed by previous studies
(Wang et al. 2014; McDonough et al. 2017; Aznar-Sanchez
et al. 2019; Liu et al. 2019; Kandel et al. 2021). In addition,
a science mapping analysis of the extensive research
literature database was also conducted to acquire
interpretation that is more manageable by emphasizing
relationships between research components as the primary
analysis unit in the study (Cowhitt et al. 2020). The
variables involved in this work are the number of annual
publications, Scopus categories of subject fields,
publication journals and citations, the collaboration
between countries, and authors' keywords.

Data source

A research dataset was extracted and constructed from
the Scopus platform, one of the major online databases for
academic publications and citations (McDonough et al.
2017; Aznar-Sanchez et al. 2019). Currently, it collects
about 76 million documents with more than 23,000 peer-
reviewed journals, grouped into 27 main subjects and more
than 300 minor subject fields (http://www.scopus.com).
Therefore, Scopus provides broader coverage and more
choices than other bibliographic databases, particularly in
ecosystem services. Furthermore, its extra features will
benefit users who need data extraction in various formats
for data visualization and processing and further analysis
with another software application (Aleixandre-Benavent et
al. 2018; Gutiérrez-Salcedo et al. 2018).

Searching strategy

The systematic search in Scopus was performed on the
title, abstract, and keywords. An initial search was
conducted in two stages to compare annual publications on
global scale and in Indonesia. First, for global coverage, the
following terms were wused: 'ecosystem services,"
"environmental services," and "ecological services" as
search queries. Second, the term "Indonesia" was then
added to the terms above. In addition, to obtain relevant
results on the dataset, Boolean logic operations were
applied, including "OR" and "AND" in the search query.

Searching for the database was conducted during
December 2020-January 2021, in articles published
between 1998-2020. The initial year of the articles’ search
was set for 1998, a year after the publication of two
seminal works in ecosystem services (Costanza et al. 1997;
Daily 1997), in which the ecosystem service framework
(MA 2005) originated. These were then followed by rapid
growth of ecosystem services studies from many areas
(Vihervaara et al. 2010; Costanza et al. 2017).

Only original articles published in English were
included in the analysis, considering that such publications
have been rigorously reviewed to confirm the quality of the
data and conclusions and the broader target of the
publications. The data were downloaded in the comma-
delimited text (CSV) format. Items with duplication were
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screened using add-in  features on the worksheet
application. Furthermore, if a particular result was still
doubtful, the corresponding paper was downloaded and
read carefully. At this step, the data entry with duplicates
and unfulfilled criteria were excluded from the dataset.
These steps were applied chronologically to ensure the data
relevancy to the topic, omit duplicate records, and improve
data quality. The final dataset for further analysis in this
work comprises 298 articles.

Data analysis

After processing the appropriate data from the Scopus
database, a descriptive analysis was performed on the
number of annual publications, the subject category, the
most productive journals, and the most-cited journal
articles using Microsoft Excel (version 2013). Meanwhile,
to understand the relationship between research
components, a science mapping analysis of the bibliometric
network of research collaboration (countries) and research
hotspots (keywords) was performed using VOSviewer
(version 1.6.17).

VOSviewer is a network analysis-based software that
allows users to visualize various types of bibliometric
networks and maps, considering the factors of common
occurrence (Pauna et al. 2018; Eck and Waltman 2019). In
the research, a science-mapping approach is conducted
through co-authorship and co-occurrence analysis to create
bibliometric maps, which show: 1) the co-authorship
network between countries whose researchers are affiliated;
and 2) the network of keywords' co-occurrence. In each
map, the connecting line called a link displays the
relationship between components (Pauna et al. 2018). The
thickness of each link shows the occurrence frequency of a
component's unit simultaneously in the research network
called the total link strength. Furthermore, the number of
articles or frequency of keywords displayed in a varied
circle size determines the unit size according to its weight.
Then, the circle's position and color of different items in
network mapping are used to classify the sample unit into a
similar cluster (Anand and Gupta 2020; Mishra et al. 2021;
Rosato et al. 2021). The calculation method used in this
analysis is a fractional calculation method and for data
normalization by the Linlog/Modularity method (Eck and
Waltman 2019). In addition, some previous studies
(Perianes-Rodriguez et al. 2016; Maula et al. 2018; Zhang
et al. 2019) showed that fractional counting is preferred to
full counting since it delivered count of co-authored
publications to each author fractionally and provided more
accurate results. Further information on the statistics and
methodologies used in VOSviewer can be obtained from
Eck and Waltman (2019).

1107

RESULTS AND DISCUSSION

Publication growth on ecosystem services

The initial Scopus database search yielded 22855
articles on ecosystem services published worldwide
between 1998 and 2020, while approximately 17000
publications were recorded in the same database between
1997 and 2017 (Costanza et al. 2017). Clearly, the annual
publications show steady growth during the observed
period, ranging from 42 to 3425 articles, and the average
annual publication reaches 1039 articles per year.
Meanwhile, about 298 articles, or 1.3% of global
publications, were associated with Indonesia. The growth
of publications related to ecosystem services in Indonesia
and the global publications comparison is shown in Figure
1.

During the 1998-2007 period, only 19 articles on
ecosystem services in Indonesia were recorded in the
dataset. The initial publication was in 1998, listed in the
Scopus database, discussing the economic value of
ecosystem services (Abramovitz 1998). Surprisingly, there
was no article found in 2000 and 2004. Over the period, the
number of annual publications has increased, and reached
the peak in 2017 with 41 articles. The highest percentage of
publications was recorded in the last eight years between
2013 and 2020, which reached 84% of total publications on
the topic. This analysis, in general, shows an accumulative
increase more than two-fold in the number of articles by a
5-year interval (Figure 1). Furthermore, the trend of
publications shows that an exponential growth (R? = 0.89)
has been achieved since 2013 (Figure 1).

This research has revealed the development of
ecosystem services studies in Indonesia over the past two
decades, from 1998 to 2020. Ecosystem services topic is
relatively new and emerging but has been effectively
campaigned by recognized international agencies and
supported by dedicated funding bodies (Brunet et al. 2019)
to raise greater awareness of the global ecosystem crisis.
This would have a good impact on ecosystem services in
attaining the relevant SDGs in the future (MA 2005;
Hernandez-Blanco et al. 2020). Therefore, this topic has
grown steadily during the last few decades and has
received more interest from researchers and policy-makers
worldwide (Rillig et al. 2015; Hossain et al. 2018).

Between 1998 and 2020, the number of articles on the
topic increased from 42 to 3245 globally and rose from one
to 41 in Indonesia, demonstrating the increasing
importance of this issue in the global research landscape.
The final number of papers included in the analysis is 298
articles published in 146 peer-reviewed journals, which
were selected based on specified criteria. Furthermore,
there has been an exponential increase in article publishing,
which is expected to continue in the forthcoming years.
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Figure 1. Publication growth trends related to ecosystem services in Indonesia in 1998-2020 (interpolation of Scopus data)

Global initiatives such as MA, TEEB, and IPBES
(TEEB 2010; Vihervaara et al. 2010; Costanza et al. 2017;
Bongaarts 2019) have been helpful in effectively
promoting and mainstreaming the concept of ecosystem
services as a valuable instrument for defining, assessing,
and predicting interrelationships between humans and their
natural environment and as an approach to sustainable
ecosystem management in achieving SDGs. Since then, it
has become a topic that attracts immediate attention and is
addressed globally (McDonough et al. 2017; Zhang et al.
2019). It was shown in the high increase in the number of
publications in ecosystem services worldwide since its first
mention (Costanza et al. 2017). However, this was not the
case in Indonesia. There were several years delayed
following the publication of MA before various research on
ecosystem services in Indonesia were conducted and
published in scientific journals. Similar conditions are also
reported from other developing countries (Christie et al.
2012; McDonough et al. 2017; Kandel et al. 2021).

It is hard to pinpoint the cause of this discrepancy;
nonetheless, it is assumed to be linked with inadequacies
related to researchers' resources and financial assistance
(Lakitan et al. 2012; Katsnelson 2016). Furthermore, a lack
of support for scientific-based decision-making in
government policy practices, as well as a lag in concept
implementation (Christie et al. 2012; Kandel et al. 2021),
have an indirect effect on the imbalanced representation of
ecosystem services studies from developing countries
(Tydecks et al. 2018). Despite this, some of those
developing countries, including Indonesia, have the world's
highest biodiversity, which is associated with the provision
of essential ecosystem services (Daily and Matson 2008;
Acharya et al. 2019) thus need better attention from the
global society as well as from the country itself. Some
attempts have been made to achieve this, but they have not

been entirely successful, such as international
collaborations in research among academics, governments,
or non-governmental (Lakitan et al. 2012; Hossain et al.
2018). In addition, domestic counterparts of local
researchers or residents still need to be rigorously trained to
achieve an enhanced quality of research and publications
(Christie et al. 2012).

Main subject field in ecosystem services studies in
Indonesia

The temporal dynamics of article publications between
1998 and 2020 based on the subject categories provided by
Scopus are shown in Figure 2. Articles related to the
subject of environmental science dominated most of the
period, with 201 articles or 33.6% of the total categories
(Figure 2). Then, agricultural and biological science with
157 articles (26.3%), followed by social sciences with 87
articles (14.5%), and biochemistry, genetics and molecular
biology with 37 articles (6.2%). Finally, earth and
planetary science with 24 articles (4%). Meanwhile, the
combination of other subjects reached 15.4% of the total
subject categories. However, analysis of the subject
categories shows increasing trends in agricultural and
biological sciences and also biochemistry, genetics and
molecular biology. Nonetheless, neither were able to
outnumber environmental science (Figure 2).

Scopus category analysis shows that publications
related to ecosystem services in Indonesia are burgeoning
and encompass a wide range of scientific disciplines,
including environmental science, agriculture and biology,
and social science. All of which are also top-ranked in
global studies correlated to the topic (McDonough et al.
2017; Aznar-Sénchez et al. 2018; Chen et al. 2020).
Furthermore, it indicates that researchers from a variety of
disciplines contributed to the publications on the subject.
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Since the notion of ecosystem services is interdisciplinary,
scientific collaboration is essential for establishing mutual
understanding among disciplines and assisting scientists in
addressing contemporary challenges encountered in the
ecosystem services field (Costanza and Kubiszewski 2012;
McDonough et al. 2017; Contandriopoulos et al. 2018).

Main publishing journals and most cited articles

A total of 298 articles recorded in this research dataset
were published in 147 peer-reviewed journals. About 135
journals, or 92% of the total, have published less than five
over the last two decades, from 1998 to 2020. In
comparison, the top 12 journals published around 33% of
the total articles analyzed in this research (Figure 3). The
two top journals listed as the most productive in publishing
ecosystem services topics are Biodiversitas (18 articles)
and Ecosystem Services (16).

Analysis of journal publications related to ecosystem
services in Indonesia showed that Biodiversitas and
Ecosystem Services were the most productive scientific
journals publishing the results on ecosystem services
topics. Ranked first by the number of publications,
Biodiversitas is one of the most prolific journals in
Indonesia, whose scope covers the biodiversity of plants,
animals, and microbes at any level of life organization
(http://biodiversity.mipa.uns.ac.id/d/scopes.htm).
Meanwhile, Ecosystem Services, in the second rank, is a
prominent journal that integrates the social, economic, and
policy fields with ecosystem services as their scientific
basis. It has become the most recognized publication place
and is among the primary references for the scientific
community on ecosystem services (Costanza et al. 2017).
However, this result implies that even though the notion of
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ecosystem services is interdisciplinary (Brunet et al. 2019),
biodiversity studies remain dominant within ecosystem
service research in Indonesia. In other words, the notion of
ecosystem services is inherently related to biodiversity
(Pauna et al. 2018; Torres et al. 2021), which influences the
published article spectrum.

Furthermore, the citation analysis result shows that each
of the most cited articles has at least 100 citations (Table
1). The first most widely cited article, on the other hand,
addressed changes in global forest cover (Hansen et al.
2013) and was published in Science, which was not among
the most prolific publications on the topic. Then, in
Ecological Economics, the second most cited publication
highlighted the importance of the value of coasts globally.
In addition, with the exception of Ecological Economics,
the other most referenced articles in the dataset were
published in journals not listed in Figure 3.

Although some journals, including Science and
Ecological Economics, are among the most cited, (Table
1), the number of articles they publish on ecosystem
service topics is not comparable to the number of citations
generated. Hence, their contribution to the amount of
information related to the topic is not the same
(McDonough et al. 2017). Furthermore, all of the most
cited literature in this research dataset requires at least four
years to accumulate sufficient citations after publication,
which corresponds to the reliability of the bibliometric
analysis (Belter 2015; Stephan et al. 2017; Anand and
Gupta 2020). However, despite being arguable, the number
of citations is frequently used to assess the impact of a
publication (Belter 2015) and has become a widely utilized
standard indicator in bibliometric analysis (Rogers et al.
2020).

Year of publications

Figure 2. The growth of articles on ecosystem services in Indonesia based on the main subject category in 1998-2020
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Figure 3. The top journals in term of the number of publications regarding ecosystem services in Indonesia in 1998-2020. Abbreviations
(in alphabetical order): AACL Bioflux: Aquaculture, Aquarium, Conservation & Legislation - International J the Bioflux Society; Biol.
Conserv.: Biological Conservation; Ecol. Soc.: Ecology and Society; Ecol. Econ.: Ecological Economics; Ecosyst. Serv.: Ecosystem
Services; Environ. Res. Lett.: Environmental Research Letters; Glob. Environ. Chang.: Global Environmental Change; Mitig. Adapt.
Strateg. Glob. Chang.: Mitigation and Adaptation Strategy for Global Change

On the other hand, further analysis revealed no direct
connection between the number of citations from specific
journals and the most prolific in the field. However, since
this kind of literature is probably cited in disciplines related
to ecosystem services and many other subjects, the humber
of citations generated will likely be affected. Furthermore,
these findings confirm that the global natural resource
crisis is concerning. They have elevated ecosystem services
to the status of a fascinating topic that is gaining traction
among academics. It also benefits significantly from
scholarly publications on ecosystem services (Costanza et
al. 2017; McDonough et al. 2017; Zhang et al. 2019), as
indicated by an increase in related topic publications in
international peer-reviewed journals.

Collaboration of countries in ecosystem services
research in Indonesia

As many as 57 countries contributed to the research of
ecosystem services in Indonesia between 1998 and 2020.
Indonesia earned the first rank, contributing to 201 out of
298 articles (67.45% with at least one author affiliated with
the country), followed by the United States (US) with 69
articles (23.15%), and Australia with 52 articles (17.45%)
(Table 2). The analysis result in Figure 4 depicts a co-
authorship network based on affiliated countries and
weighted by the number of co-authored articles by
researchers related to ecosystem services in Indonesia.

Authors from each country tend to collaborate with others
from favorable countries, resulting in complex
collaboration networks.

As illustrated in Figure 4, the color and units (countries)
might distinguish three clusters. The first and largest
cluster (red color) is led by Indonesia, followed by the US,
Australia, and other countries. Then Germany took the lead
in the second cluster (green), followed by the others.
Finally, France was the leader of the smallest cluster (blue).
As a result, Indonesia has been identified as having a
strategic position in collaboration networks among
countries (Figure 4).

Furthermore, it was found to have considerable
collaboration networks with other countries, such as the
US, Australia, Germany, the Netherlands, and the United
Kingdom (UK). After Indonesia, the US ranked second,
followed by Australia. Surprisingly, collaboration on this
research topic is less prevalent between Indonesia and its
Southeast Asian neighbors, notably Singapore and
Malaysia, compared to previously mentioned countries.

However, based on geographical origin among those
most productive countries (Figure 4), only one came from
Latin America (Peru), two from Africa (Kenya and
Cameroon), and most came from Asia (Indonesia,
Singapore, Japan, China, and Malaysia). Table 2 shows the
top 20 countries in terms of their publications number and
organized clusters, as depicted in Figure 4.
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Table 1 The ten most-cited journal articles
No. Year Title Journal Authors NC
1 2013  High-resolution global maps of 21st-century Science Hansenetal. 4196
forest cover change
2 2007  The coasts of our world: Ecological, economic Ecological Economics Martinez et 409
and social importance al.
3 2008  Functional group diversity of bee pollinators Proceedings of the Royal Society B: Hoehn et al. 367
increases crop yield Biological Sciences
4 2016  Rates and drivers of mangrove deforestation in Proceedings of the National Academy  Richardsand 315
Southeast Asia, 2000-2012 of Sciences of the United States of Friess
America
5 2016  Creation of a high spatio-temporal resolution Global Ecology and Biogeography Hamiltonand 298
global database of continuous mangrove forest Casey
cover for the 21st century (CGMFC-21)
6 2011  Combining high biodiversity with high yields in Proceedings of the National Academy  Cloughetal. 230
tropical agroforests of Sciences of the United States of
America
7 2015  The potential of Indonesian mangrove forests for ~ Nature Climate Change Murdiyarso 220
global climate change mitigation etal.
8 2011  Community structure and diversity of tropical Philosophical Transactions of the Ahumada et 181
forest mammals: data from a global camera trap Royal Society B: Biological Sciences al.
network
9 2008  The 2004 tsunami in Aceh and Southern Perspectives in Plant Ecology, Cochard etal. 179
Thailand: A review on coastal ecosystems, wave Evolution and Systematics
hazards and vulnerability
10 2013  Bats and birds increase crop yield in tropical Ecology Letters Maas et al. 143
agroforestry landscapes
Note: NC: number of citation
Table 2. 20 Top countries in contribution to ecosystem services research in Indonesia
Cluster 1 Cluster 2 Cluster 3
Rank Country NA Rank Country NA Rank Country NA
1 Indonesia 201 4 Germany 49 7 France 19
2 United States 67 10 Canada 15 8 Singapore 18
3 Australia 52 12 New Zealand 10 9 Switzerland 18
5 Netherlands 44 13 Sweden 10 17 Peru 5
6 United Kingdom 40 14 China 6 20 Cameroon 4
11 Japan 14 15 Denmark 6
18 Norway 5 16 Kenya 5
19 Malaysia 4

Note: NA: number of articles

Given the nature of the factors implicated in managing
ecosystem services, collaboration among the countries
participating in the study was also followed by increasing
publication trends. Furthermore, based on the co-authorship
network analysis, Indonesia demonstrated a significant
propensity for establishing international collaboration,
mainly with developed countries. For instance, Indonesian
researchers preferred to collaborate intensively with their
colleagues from the US, Australia, Germany, and the
Netherlands. Instead, collaboration with neighboring

Southeast Asian countries was more circumscribed. It
appears to be related to many factors requiring further
development, such as researcher affinity (including
educational background and expertise) (Locatelli et al.
2021), capacity building to form international
collaboration, access to more advanced research
infrastructure, and access to global funding resources.
However, these factors are substantial and will affect
researchers' ability to construct international collaboration
(Contandriopoulos et al. 2018; Tydecks et al. 2018).



1112

singgpore

uniteﬁ\ates

switzgftand

ausfralia

malaysia  unjted Kiiigdom

france:

netherlends

cameroon

peru

BIODIVERSITAS 23 (2): 1105-1117, February 2022

Tapen

<hina

canada

denmark

kenya

newzealand

germany

sweden

norway

Figure 4. The network of the countries’ collaboration in ecosystem services in Indonesia in 1998-2020

Predictably, most of the publications by Indonesian
researchers in this dataset were the outcome of
collaborative research, primarily with overseas researchers
or institutions. It is constant with a prior study (Lakitan et
al. 2012) that Indonesian researchers have a greater
dependency on international collaborators. However,
research collaboration on the topic is imperative to promote
natural resource and biodiversity conservation initiatives by
increasing the impact of scholarly articles, stimulating
scientific innovation, and building effective communication
between stakeholders and policy-makers (Perez and Hogan
2018). Nevertheless, it increases the dependence of
researchers from developing countries on multinational
actors and institutions and probably disregards the context
and local dynamics (Chaudhary et al. 2015; Suominen et al.
2019). Furthermore, ecosystem services must be prioritized
in the national research agenda, in particular, to emphasize
the significance of local dynamics (Kandel et al. 2021).
However, conservation activities in natural resources and
biodiversity should be fully supported to achieve
sustainable ecosystem services in the future (Hobbs et al.
2011; Eastwood et al. 2016; Garcia-Llorente et al. 2018;
Wade et al. 2020).

Keywords used in articles

In total, 1001 authors' keywords were used in research
on ecosystem services in Indonesia, with roughly 973
keywords (97%) utilized in less than five. It demonstrates
the magnitude of the diversity of research foci that have
been conducted on this topic (Aleixandre-Benavent et al.
2017; Chen et al. 2020). Figure 5 depicts a network map of
the 20 most widely used keywords from 1998 to 2020,
based on the keywords' co-occurrence (at least five times)

and the total strength of the link they formed, as shown
with circles and links of different sizes. Furthermore, it
displays four clusters that are distinguished by their color,
which are "ecosystem services" (red), "climate change"
(green), "deforestation” (blue), and "oil palm" (yellow)
(Figure 5). Almost all the essential keywords within each
cluster are linked to two core terms (ecosystem services
and Indonesia). Meanwhile, each keyword is linked to at
least one other, revealing major research topics of emphasis
and issues identified related to ecosystem services in
Indonesia.

The two main keywords, "ecosystem services" (used 75
times or in 7.5% of the total articles) and "Indonesia" (57;
5.69%), as the current research's core issue, were
inextricably linked with "biodiversity" (20; 2%),
"deforestation” (18; 1.8%), and "oil palm" (13; 1.3%), in
that order. However, other concepts, such as "conservation"
(13; 1.3%), "climate change" (12; 1.2%), "valuation" (10;
1%), "sustainability" (8; 0.8%), and "payments for
ecosystem services" (8; 0.8%), have also gained attention
in ecosystem services research in Indonesia, indicated by
their inclusion in the top author's keywords, as shown in
Figure 5. On the other hand, among the top keywords, there
were "Kalimantan" (6; 0.6%), "Sumatra" (5; 0.5%), and
"Southeast Asia" (6; 0.6%) in different clusters (Figure 5),
revealing that research on ecosystem services in Indonesia,
at the time of writing, was still primarily focused on
Kalimantan and Sumatra. Furthermore, the challenges of
ecosystem services that have been investigated in Indonesia
over the last two decades are intrinsically linked and have
an influence on ecosystem services across the Southeast
Asian region.
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Figure 5. The network of keywords’ co-occurrence in the topic of ecosystem services in Indonesia from 1998 to 2020

The result of science mapping on keywords
demonstrated that ecosystem services studies in Indonesia
are strongly related to biodiversity, deforestation, and oil
palm. Furthermore, these relationships indicated that numerous
studies on ecosystem services in Indonesia thoroughly
examined the biodiversity crisis caused mainly by deforestation,
which in Indonesia is particularly associated with oil palm
(Sumarga and Hein 2016; Acosta and Curt 2019; Sharma et
al. 2019; Nurhidayah and Alam 2020). On the other hand,
oil palm was the most significant driver of deforestation in
Indonesia, accounting for 23% of the total national
deforestation from 2001 to 2016 (Austin et al. 2019).

Throughout the previous decade, Indonesia has
become an enthusiastic participant in Reducing Emissions
from Deforestation and Forest Degradation and Enhancing Forest
Carbon Stocks (REDD+). However, despite the Indonesian
government's commitment to REDD+ and its progress,
uncontrolled deforestation and degradation of Indonesian
forests still occur. As the driving factors of deforestation
and degradation cannot be completely reduced, coupled
with the poor implementation of related policies, the
effectiveness of REDD+ is still questionable (Murray et al.
2015; Nurhidayah and Alam 2020; Dwisatrio et al. 2021).
In spite of this, the inclusion of REDD+ among the top-
ranked keywords demonstrates the relative importance of
REDD+ in the issue of ecosystem services in Indonesia.
Thus, the network analysis of keywords has highlighted the
key topics that have attracted the considerable attention of
the researchers of ecosystem services in Indonesia for the
past two decades.

The result also shows that some geographic names are
found among the 20 main keywords, such as Kalimantan,
Sumatra, and Southeast Asia. Therefore, it is indicated that
Kalimantan and Sumatra remain areas of priority for
researchers in ecosystem services. Furthermore, the challenges

to ecosystem services in Indonesia over the last two decades
are indirectly linked to ecosystem services in the Southeast
Asian region and the effects they generate as well.
According to the temporal analysis of the top 20
keywords based on an average of year publications basis,
the most significant shift in keywords clusters transpired in
2014-2017, as illustrated in Figure 6. Before 2014, research
on the topic emphasized mainly "biodiversity conservation"
and "payments for ecosystem services". As of 2014 to
2015, the topic shifted to "valuation". Then, from 2015 to
2016, research concentrated most on "biodiversity",
"conservation", and "land use". In addition, in this period, a
global initiative, viz. REDD+ emerged as a critical research
focus on ecosystem services in Indonesia, although with a
minor frequency of occurrence. Therefore, from 2016 to
2017, "deforestation" and "climate change" grew into the
major topics. On the other hand, this analysis clearly shows
that "oil palm", "sustainability”, and "land-use change"
have emerged as the new research focus on the study of
ecosystem services in Indonesia since 2017 and afterward.
The temporal analysis of keywords revealed that the
ecosystem services notion has historically been related to
biodiversity conservation (Pauna et al. 2018), and these
concepts are at the core of payments for ecosystem
services. It is worth mentioning that during the research
period, biodiversity conservation and payment of
ecosystem services are the fields of frontier research for
ecosystem services in Indonesia. Furthermore, in recent
years, the topics of oil palm, sustainability, and land-use
change have also arisen. Moreover, considering the current
progress of economic sound development in Indonesia
(Sloan et al. 2018; Supriatna et al. 2020), which indirectly
affects the dynamics of ecosystem services globally, these
three topics may remain the research foci in ecosystem
services, particularly in Indonesia, in the next few years.
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Figure 6. The temporal development of the keywords in ecosystem services in Indonesia from 1998 to 2020

However, the current work highlights some
limitations that need to be addressed to improve data
complexity, coverage area, and the quality and rationale of
outcomes for potential enhancement. Firstly, the dataset
retrieved from Scopus indexed publications between 1998
and 2020 may not be exhaustive in its coverage of related
topics within that period. In this study, Scopus was chosen
with the consideration that it is one of the largest databases
that compiles a large number of scientific works on
ecosystem services (McDonough et al. 2017). Future
research needs to examine combining the source with other
major databases, including Clarivate's Web of Science,
Google Scholar, and Dimension, to obtain more
comprehensive data in this field. Secondly, this research
dataset is limited to published articles in English. Most
Scopus journals and the other previously mentioned
databases are published in English, so it might be
unfavorable for publications in other languages.

Meanwhile, some relevant publications on this topic
are presumably published in languages other than English.
Therefore, to avoid bias and gaps in terms of publication
language, further research should consider this one of the
criteria for compiling the dataset. Finally, some types of
publications related to ecosystem services in Indonesia are
probably excluded from the screening process for datasets.
Other researchers could improve further research by
applying rigorous criteria, modifying the search query,
expanding the type of publication, and so forth. Therefore,
all the data presented in this paper should be interpreted in
light of the constraints above.

To sum up, the present work is a helpful initial study
to overview studies on ecosystem services in Indonesia

over the past two decades using bibliometric and science
mapping analysis. Despite certain limitations, the present
study produced robust and greatly reproducible results.
Therefore, this work will assist researchers and
practitioners in ascertaining the status of research
development in ecosystem services in Indonesia and
advancing further related research in this mega-biodiversity
country and most vulnerable to anthropogenic pressure.
This research may shed light on ecosystem services
research in Indonesia more accurately within the conditions
of the bibliometric method that has been performed. The
technique allows identifying the most productive journals,
subject fields, countries, and the most popular keywords
involved in the research topic of ecosystem services in
Indonesia. Furthermore, examining the highly cited papers
and the co-occurrence of keywords reveals which topics are
emphasized the most. In addition, the network analysis
results demonstrate a pattern of connectivity among
components involved in ecosystem services in Indonesia.
However, some critical remarks can be made as follows.
Although the contribution is minor compared to
global publication on the topic (Costanza et al. 2017;
McDonough et al. 2017), publication in ecosystem services
studies in Indonesia has continuously developed and
expanded tremendously over the previous decade.
However, this growth must be accompanied by an increase
in the quantity and quality of research through various
strategies, including the involvement of local researchers in
research collaboration with international researchers and
institutions conducting research in Indonesia and providing
research facilities and research funding resources (Christie
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et al. 2012; Lakitan et al. 2012; Katsnelson 2016; Hossain
et al. 2018).

Biodiversitas and Ecosystem Services were the most
productive journals on ecosystem services in Indonesia,
while Science and Ecological Economics were the most
frequently cited. On the other hand, there was no
connection between the most prolific and most-cited
journals. Furthermore, Indonesia and the US have
published the most articles on this topic and are the most
engaged in the research network.

Topics such as biodiversity, deforestation, and oil
palm denote the research foci and characterize the current
state of ecosystem services research in Indonesia. Among
these topics, biodiversity, in particular, closely follows the
research trend at the global level. However, certain current
and potentially promising topics related to ecosystem
services in Indonesia, such as oil palm, sustainability, and
land-use change, call for further investigation.
Furthermore, future research might consider this work as a
starting point. Furthermore, other studies can examine
whether the focus on the topic remains or changes in the
future within the ecosystem services dynamics in
Indonesia.

To the best of found knowledge, this is the first study
to perform bibliometric and scientific mapping approaches
to overview the development of ecosystem services research
in Indonesia. The improvement in interdisciplinary
approaches, international  collaboration, and the
development of research roadmaps for ecosystem services
in Indonesia, with the engagement of multiple stakeholders
and policy-makers, and the promotion of interdisciplinary
scientific research results by researchers, are viable
strategies for raising awareness about the critical
importance of ecosystem services in the future.
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