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ABSTRACT 
 

 

Concerns about the importance of ecosystem services in Indonesia have been triggered by 

massive deforestation and the expansion of large-scale commercial agriculture. These 

processes threaten natural ecosystems and traditional land use systems in Indonesia. Most 

human communities in developing countries are highly dependent upon natural resources 

therefore they are vulnerable to ecosystem degradation. My study contributes to 

understanding the relationship between human well-being and ecosystems. It is based on the 

broader objective of understanding the role of traditional land use systems in supporting 

livelihoods, maintaining biodiversity, and avoiding environmental degradation. There is a 

need to quantify the ecosystem services associated with various land uses in order to allow 

local communities and governments to make well-informed decisions about the appropriate 

use of land. Accurate and comprehensive information about ecosystem services could assist 

policy makers in promoting both economic and conservation priorities. 

 

The purpose of this study is to identify and examine the ecosystem services associated with 

rattan agroforestry systems including, regulating, cultural, and provisioning services. My 

study also addresses the interrelationships between and among ecological, cultural, and 

economic systems of rattan agroforestry. My study is an interdisciplinary assessment of 

ecosystem services relating to forest-dependent communities in Tumbang Runen village in 

Central Kalimantan Indonesia. It includes analyses of ecological, social, and economic 

factors. Most data in this research were obtained using quantitative methods, through survey, 

observation, and measurement. Qualitative methods were used to gain deeper understanding 

and to give further explanation of the quantitative data. Assessment of ecosystem services 

in this research uses the framework developed by the Millennium Assessment. 

 

My study indicates that rattan agroforestry generates regulating services including habitat 

provision, climate regulation, and soil erosion prevention. Rattan agroforestry hosts 

vegetation biodiversity comparable with adjacent secondary forest. Trees and other types of 

vegetation in rattan agroforests absorb CO2 from the atmosphere. Surface root systems and 

litter layers prevent soil erosion.  
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In-depth interviews and focus group discussions revealed that rattan agroforestry is 

culturally important. Rattan agroforestry supports the spiritual life of local people, 

connecting them with their ancestors and with conserved traditional knowledge. 

 

My study identified 10 types of provisioning services generated from rattan agroforestry 

including construction materials, food, natural medicines, fuelwood, material for 

handicrafts, traditional boat building materials, materials for fishing tools, latex, cosmetics, 

and fodder.  

 

Ecosystem services of rattan agroforestry are shown to occur as ‘bundles’, where ecological, 

cultural and economic systems interact and influence ecosystem services. The conversion of 

rattan agroforestry into oil palm plantations has influenced provisioning ecosystem services. 

My study suggests that the economic benefits of palm oil plantations are considerably offset 

by costs associated with losses of ecosystem function.  

 

Key words: ecosystem services, rattan agroforestry, local community, provisioning services, 

regulating services, cultural ecosystem services, Indonesia.  
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CHAPTER I 

INTRODUCTION 

 

 

My study contributes to understanding the relationship between human well-being and 

ecosystems. It is based on the broader objective of understanding the role of traditional land 

use systems in supporting livelihoods, maintaining biodiversity, and avoiding environmental 

degradation. Given the massive deforestation and expansion of large-scale commercial 

agriculture that threaten traditional land use systems in Indonesia, there is an urgent need to 

develop and apply policies that protect vital ecosystem services.  My study links empirical 

information to the development of adaptive natural resource management strategies for 

forest-dependent communities in Indonesia.  

 

This is an interdisciplinary study, focusing on how rattan agroforestry contributes to the 

well-being of local communities and supports biodiversity conservation in Indonesia.  I 

studied forest-dependent communities and their associated ecosystems in Central 

Kalimantan, Indonesia.  Here, communities have traditionally utilised forest ecosystems 

including the cultivation of rattan, a vine that has many productive uses (including the 

manufacture of furniture).  Yet traditional uses and customs of these communities in 

Indonesia are being threatened by the relentless expansion of oil palm plantations (given 

burgeoning global demand for palm oil).  Thus, subsequent deforestation and loss of 

ecosystem services is creating a range of undesirable impacts. 

 

Using a mixed method and case study approach, my research provides comprehensive 

information and understanding of ecosystem services provided by traditional forestry 

including regulating services, cultural ecosystem services, and provisioning services. 

Quantification (and qualification) of such ecosystem services presents costs and benefits of 

various land use alternatives (including oil palm plantation).  A comprehensive evaluation 

of these services is a necessary prerequisite to sustainable land use policies consistent with 

current aims to improve economic and social wellbeing for poor communities in Indonesia 

(and in other developing countries).  
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This chapter introduces the research problem underpinning my research. It presents the 

broader context of environmental degradation and rural economic development experienced 

in Indonesia and outlines the approach that I have taken to quantify ecosystem services 

associated with an exemplar forest-dependent community in Indonesia.  

 

 

1.1. Research Context 

1.1.1. Environmental Degradation 

 

Concerns about the importance of ecosystem services have been triggered by excessive 

ecosystem degradation associated with human development activities over the past 50 years 

(MA, 2005). Ecosystem services can be defined as those ecosystem conditions (structures 

and functions) that contribute to human well-being (MA, 2005; Martín-López et al., 2012). 

As a consequence of an increasing human population and a resultant growing demand for 

natural resources (and associated increasing consumption of energy, water, minerals, and 

food) ecosystem services are affected (Foley et al., 2007; Geist & Lambin, 2002; Kareivaet 

al, 2007; Monfredaet al, 2008).  This continues unabated with exponential growth in the 

human population estimated to reach nine billion by 2050 (Godfray et al., 2010).   

Since humans are an integral part of the ecosystems in which they live, changes in 

ecosystems will affect human wellbeing. Chee, (2004); Costanza (2012,) Daily (1997), MA 

(2005) all contend that in addition to basic human needs (e.g. food, water, air) and even 

beyond material support, the environment contributes to the aesthetic and spiritual needs of 

humans and human communities. MA (2005) argues that human welfare can be measured 

through the degree to which the basic materials for life, health, good social relationships, 

security and freedom of choice and action are fulfilled. Human dependency on the 

environment is undeniable (Cimon-Morinet et. al, 2013).  

 

Deforestation and land degradation are the main contributors to land use change (Lambin & 

Meyfroidt, 2011). FAO (2016) pointed out that between 2000-2010, average annual 

deforestation in tropical regions was 7 million hectares, and 40% of this was attributed to 

expansion of large-scale commercial agriculture. 
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Changing natural ecosystems into productive land-use systems causes losses in global 

biodiversity (Chapin et al., 2000; Foley et al., 2007; Heal et al., 2001; Jantz et al., 2015; MA, 

2005; Vitousek et al., 1997). Furthermore, increasing economic activities such as production 

and consumption also increase rates of emission of greenhouse gases (GHG) into the 

atmosphere (particularly carbon dioxide).  Emissions arise from the combustion of fossil 

fuels, the accumulation of toxic chemicals from industrial processes in water and soils; and 

the clearing of forests for agriculture land (Houhthon et al. 2012). 

Losses of biodiversity could jeopardise human well-being (Cardinale et al., 2012; Díaz et 

al., 2006). Biodiversity is a key element in the parcel of benefits that people obtain from 

nature (Cimon-Morin et al., 2013; Egohet al., 2011; Mace et al., 2012; Turner et al., 2007). 

The magnitude, supply, and the type of ecosystem services depends on the state of 

biodiversity (Balvanera et al., 2006; Cardinale et al., 2012; Hector & Bagchi, 2007; Hooper 

et al., 2005). Allowing further environmental degradation may cause unintended 

consequences (Jew, 2016).  

Environmental degradation is increasing rapidly in developing countries, accompanying 

population growth and demand for natural resources (Belcheret al., 2005, Achard et al., 

2014; MA, 2005). Deforestation in developing countries is mainly driven by commercial 

agriculture (Kissingeret al., 2012).  

Most human communities in developing countries are highly dependent upon natural 

resources. This dependency is direct and non-substitutable. If one or more of the 

environmental goods on which the community depends (e.g. water, timber, soil fertility) is 

missing or degraded, communities often do not have sufficient resources or technology to 

produce substitutes for these goods. Thus, communities in developing countries are more 

vulnerable to natural resource degradation (Moran, 2011). Moran (2011) also points out that 

sustainable management of environmental services can play a key role in poverty alleviation. 

By improving the quality of the environment and securing environmental services, the 

quality of the life within the communities will also improve.  

Indonesia has adopted Sustainable Development Goals (SDGs) as aligned to its national 

development strategy “Nawacita”. One example is the creation of sustainable livelihoods 

through industrialization, developing innovation and infrastructure, and natural resource 

management (including sustainable fisheries and marine protection) (Bappenas, 2017).  
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According to Kartini et al. (2013) most Ministries in the Indonesian government experience 

difficulties in adapting sustainable development objectives into operational plans. 

Accordingly, the deterioration of natural resources in Indonesia continues to occur. 

Indonesian forests comprise 44% of the forested area in Southeast Asia. However, rates of 

deforestation in Indonesia are the second highest in the world.  This reflects policy that has 

prioritised economic development over natural resource conservation (Hansen et al., 2009; 

Margono et al., 2012).   Sumatra and Kalimantan are two regions of Indonesia that have 

experienced extensive degradation of lowland forest and of peat land (Hooijer et al., 2006). 

In 2000, under Susilo Bambang Yodoyono’s government, Indonesia announced its voluntary 

commitment to mitigate GHG by 26% by 2020. To provide a policy frame work to this 

commitment, a national plan for reduction of GHG emissions was launched in the form of 

Presidential Regulation number 61/2011.  

 

Deforestation and deterioration of forested areas in Borneo island have followed logging and 

the establishment of intensive oil palm plantations and, commercial timber plantations (e.g. 

for paper production), and shifting agriculture (Sheil et al., 2009). Increasing global demand 

for commodities such as palm oil has promoted deforestation particularly in tropical 

countries such as Indonesia.   By contrast global demand for conservation (including habitat 

protection and biodiversity conservation) and reduced carbon emissions (given concerns 

over climate change) promotes afforestation.  (Koh & Wilcove, 2008; Nelsonet al, 2006).   

How can these competing societal aspirations be resolved? 

Degradation of Indonesia’s forests is of international significance because tropical forests 

are globally important as carbon sinks and for the conservation of biodiversity (Blackhamet 

et al, 2013). Before 2008 the main cause of deforestation in Indonesia was forest fire 

(Blackham et al., 2013). More recently forest fires in Kalimantan are associated with the 

expansion of palm oil industries (Page et al., 2009). Fire is used to clear native forests in 

order to establish oil palm plantations (Carlson et al., 2012). About 62% of all palm oil 

plantations in East Kalimantan was established on peat land and 59% was established on 

forested land previously managed by local communities. Forested areas managed by local 

communities are usually in the form of agroforestry where local communities plant rubber, 

fruit, rattan, or other commercial plants within natural forests. Thus, extensive plantation 

development in Kalimantan has had a negative impact on socio economic wellbeing 

including social conflict related to land tenure (Feintrenieet al, 2010; Obidzinskiet al, 2012).  
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1.1.2. Rattan Agroforestry: Significance and Decline 

 

In developing countries, agroforestry contributes both to local economic development and 

to preservation of the environment. Agroforestry including rattan cultivation plays an 

important role in generating human well-being (Garrity, 2012; Dawson et al, 2013). Rattan 

is a climbing plant common in tropical rainforests (see details below).  Its cultivation is an 

important agroforestry system in Indonesia. Rattan has been cultivated for centuries, 

integrated with shifting agriculture systems. Rattan cultivation follows paddy (rice) planting 

(Arifin, 2003; Bizard, 2013; Belcher et al, 2004, Fried, 2000; Godoy & Feaw, 1991). 

Providing a wide range of goods and services, rattan agroforestry supports household needs 

for food, medicine, construction, handicrafts, and spiritual well being (Belcher, 2001; 

Schreer, 2016). Relevant to my study in Central Kalimantan, Tata &Bizard (2015) found 

that rattan agroforestry provide more than 60 vegetation species as a source of food to 

communities in Katingan regency.   

 

The capability of agroforestry systems to conserve biodiversity has been demonstrated in a 

large number of studies. Bohn (2010) showed that traditional land management practices 

employed by local inhabitants of the forest are highly likely to support conservation of the 

forest, including maintaining the biodiversity of flora and fauna. This finding relates to the 

long fallow periods which are common in such agroforestry systems.  This mimics 

ecological succession processes within the forest (Dawson et al., 2009; Villamor et al., 

2014). García-Fernández & Casado (2005) found that tree density and canopy cover in rattan 

agroforestry systems (known as rattan gardens in Indonesia) are only slightly lower than that 

of natural forests.   The replacement of traditional land use systems such as rattan 

agroforestry with intensive agricultural land use systems (high intensity, monoculture crops 

such as oil palm), reduces the ecological resilience of the system and decreases biodiversity 

(Dawson et al., 2009).  

Rattan is considered to be an integral part of livelihood and culture of local communities in 

Central Kalimantan (Bizard, 2013, Schreer, 2016). Cultivation systems in Dayak 

communities involve a series of traditional ceremonies   (Bizard, 2013; Tata & Bizard 2014). 

Rattan agroforestry also helps preserve traditional ecological knowledge and family bonding 

(Schreer, 2016).  
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Despite the importance of rattan agroforestry, this traditional land use system continues to 

decline due to economic and political drivers (Bizard, 2013, Cramb et al, 2009, Siebert, 

2012). In such systems, trees are planted together with crops forming structures that are 

similar to native forests (Nair, 1993). Traditional land use systems including rattan 

agroforestry are often classified by the Indonesian government as degraded forests;  used 

and managed under customary tenure (Belcher et al., 2004a). This classification can change 

traditional land use in Indonesia by allowing conversion of such forests to intensive 

agriculture (Belcher, 2001). Traditional land use is rarely favoured over intensive 

monoculture systems because the benefits of the former are comparatively unattractive in 

economic terms.  Yet traditional land use offers other benefits (including non-market values) 

particularly to forest-dependent communities in Indonesia. An integrated and 

comprehensive evaluation of traditional land use systems, including the benefits provided 

by retained ecosystem services together with direct economic values is required. 

Furthermore, the interaction of ecosystem services and sources of variation in these services 

should be clearly understood in developing policies for sustainable economic growth.  

In 2011, the Government of Indonesia banned the export of raw rattan (Regulations of the 

Minister of Trade No. 35/2010 and No. 36/2011). This ban has significantly and negatively 

affected rattan farmers in Indonesia. After the ban was implemented, the price for rattan fell 

by about 35–40% for processed rattan and by 25–40% for unprocessed rattan (Bizard, 2013). 

For individual farmers, income generated from rattan fell from Rp. 700,000 – Rp. 900,000 

(USD 70 – USD 90) per week to Rp. 100,000 (USD 10) per week (Forestry Department, 

2011). The export ban for rattan was intended to promote the development of the local rattan 

processing industry in Indonesia and to encourage the practice of value-adding to rattan 

products (e.g. furniture) domestically. However, this did not occur.  Domestic industries 

absorbed only a small portion of rattan production.  The Indonesian Rattan Businessmen’s 

Association (APRI) stated that domestic industries were only capable of utilising about 

40,000 tonnes/year of rattan, far lower than domestic rattan production which reached 

696,000 tonnes/year (FAO, 2011).  

Lower prices for raw rattan changed rattan farmers’ preferences for land use systems. At the 

same time that rattan prices were falling, employment opportunities in the rapidly expanding 

palm oil industry were expanding. Oil palm plantations offer Net Present Value (NPV) of 

more than Rp. 8.8 million (USD 880) compared with rubber plantations with a NPV of Rp. 



 8 

0.9 million (USD 90) and rattan agroforestry with NPV of Rp. 1.7 million (USD 170) 

(Belchert al., 2004).  

 

1.2. The Need for Assessment of Ecosystem Services 

 

The assessment and valuation of ecosystem services is a necessary prerequisite in natural 

resource management (Martín-López et al., 2012). There is a need to quantify the ecosystem 

services associated with various land uses in order to allow local communities and 

governments to make well-informed decisions about the appropriate use of land. Accurate 

and comprehensive information about ecosystem services could assist policy makers in 

promoting both economic and conservation priorities (Lyver et al., 2016). Knowledge of 

ecosystem services provides a framework against which different stake holders perceive and 

experience benefits from the ecosystem (Daily & Matson, 2008).  

 

Decision making related to the management of natural resources is usually dominated by 

economic considerations. Non-market benefits that ecosystems provide e.g. water and air 

purification, climate regulation, and maintenance of biodiversity should be included in 

valuation of alternative land-use systems (Zoderer et al., 2016). Ecosystem services present 

complex, dynamic interactions between ecological, socio-cultural and economic factors. 

Thus, understanding ecosystem services and associated costs and benefits requires an 

interdisciplinary approach (Kandziora et al., 2013; Mattison & Norris, 2005; Johnson et al, 

2007).  

 

1.3. Research Purpose 

 

The purpose of this study is to identify and examine the ecosystem services associated with 

rattan agroforestry systems including, regulating, cultural, and provisioning services. My 

study also addresses the interrelationship of ecological, cultural, and economic systems of 

rattan agroforestry. Understanding such interrelationships can be used to evaluate the 

sustainability and benefits of alternative livelihoods given the needs of forest-dependent 

communities in Indonesia.     
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Three research questions are addressed:   

1. What ecosystem services are provided by traditional agroforestry compared with 

intensive monocultures such as oil palm? 

2. How do these ecosystem services interact given the extant ecological, cultural, 

and economic systems in forest dependent communities? 

3. What is the comparative value of alternative land use given costs and benefits 

associated with ecosystem services. 

 

1.4. Outcomes and Significance  

1.4.1. Outcomes 

 
My research is expected to provide comprehensive and in-depth knowledge related to the 

ecosystem services provided by traditional agroforestry. This knowledge relates to cultural 

ecosystem services, regulating services, and provisioning services and their 

interconnectedness.    

 

Economic incentives for large-scale industrial forestry are clear.  However, costs associated 

with the loss of ecosystem services (e.g. habitat, water quality, biodiversity, air quality) 

including other impacts (e.g. human health, cultural conflict, loss of spiritual amenity) 

should be evaluated to develop optimal land use policies consistent in the context of 

ecologically sustainable development. This research offers information related to benefits 

that local and global communities could receive from rattan agroforestry. By comparing the 

benefits and the environmental and social costs from rattan with oil palm plantation, my 

research suggests that the total benefits from rattan agroforestry could surpass the economic 

benefit from oil palm plantation.  

 

My research recommends a new paradigm for natural resource allocation and management. 

Taking into account intangible benefits, including cultural ecosystem services and regulating 

services, in the decision making could optimize the benefits flowing from ecosystem to 

community.   
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1.4.2. Contribution to The Body of Knowledge  

 
The contribution of this study of ecosystem services includes understanding how rattan 

agroforestry contributes to the welfare of local inhabitants and to the broader community. A 

holistic approach which considers ecological, cultural, and economic aspects is necessary to 

develop sustainable natural resource management policies particularly in developing 

countries. Using the example of rattan agroforestry, my research exposes trade-offs of 

economic development for loss or degradation of ecosystem services (Chan, et al., 2012; 

Daily et al., 2009; Milcu, et al., 2013).  

 

My study also contributes to the understanding of ecosystem services relating to the 

livelihoods of local forest dependent communities in Indonesia.  These livelihoods are 

increasingly under threat given the relentless expansion of oil palm plantations and the 

associated ecological impact of land clearing, forest fires, and loss of biodiversity.  My 

research provides a model to describe how provisioning services influence cultural 

ecosystem services and other ecological services. The model presents a mechanism of the 

interaction of ecosystem services and the types of trade-off and synergies that occur in 

tropical forest ecosystems.  

 

1.5. Outline of Thesis Structure 

 

This thesis is structured into seven chapters.  

Chapter I. Presents the background of the research, research problem, objectives, research 

contribution, and outline of thesis structure.  

 

Chapter II presents a literature review including a conceptual foundation for the evaluation 

of ecosystem services and a consideration of ecological trade-offs associated with human 

development. In particular, I introduce cultural ecosystem services:  those services provided 

by the natural environment that contribute to human wellbeing.  These non-market assets 

have value particularly to forest-dependent communities.  
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Chapter III presents a conceptual frame work and background to the study:  methods and 

approaches. This chapter also introduces the research setting, describing the geographical 

and demographic circumstances relating to my study in Central Kalimantan, Indonesia.  

 

Chapter IV evaluates regulating services provided by traditional agroforestry practices.  How 

do these services compare with other land use alternatives?   

 

Chapter V examines cultural values associated with traditional forestry practices.  What is 

the cultural significance that local people hold for their forests?   

 

Chapter VI describes provisioning services associated with different forestry and land use 

practices.   

 

Chapter VII integrates the findings from chapter IV, V and VI, presenting the relationships 

between ecosystem services, forestry, and land use. The Chapter presents implications for 

sustainable development policies. 
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CHAPTER II 

LITERATURE REVIEW 
 

 

This chapter presents a review of relevant theory and concepts applicable to the research 

questions (Chapter 1). The review focuses on the interdisciplinary context underpinning 

ecosystem services and their importance to forest dependent communities.   

 

2.1.   Ecosystem Services 

The dependency of human populations on natural resources has focused attention on the 

need for sustainable development (De Groot, 1987; Odum, 1971; Westman, 1977).  Basic 

human needs for food, fresh and clean water, clean air, and energy are provided by ecological 

systems (Daily, 1997). Yet human impacts concomitant with population growth can have 

negative impacts on ecosystems (Daly, 1977). Malthus through his Principal of Political 

Economy argued that “geometric growth in population in combination with a fixed supply 

of land increases the intensity of land cultivation over time, resulting in diminishing per 

capita returns to land and higher food production and labour costs” (Prato, 1998). Concerns 

about the scarcity of natural resources and associated impact on human well-being has 

prompted consideration of ecosystem services in management planning for natural resource 

development.  

 

Discourse about ecosystem services and human well-being can begin with understanding 

ecosystem services and their linkage to particular ecosystems and particular customs and 

cultures. Ecosystem services can be defined simply as benefits that people obtain from an 

ecosystem (Bennett et al., 2009; Mace et al., 2012; Palmer & Filoso, 2009). ‘Benefits’ in 

this discourse refer to all kinds of services derived from ecosystems to improve human well-

being (through goods, processes and functions) (Mace et al., 2012). From the perspective of 

ecology, the term ‘ecosystem services’ refers to all the mechanisms and conditions generated 

by the environment which are utilized by human lives and livelihoods (Boyd & Banzhaf, 

2007). From an economic perspective, ecosystem services may be considered as components 

of the environment that directly contribute to human welfare (Boyd & Banzhaf, 2007).  
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There have been several definitions of ecosystem services that address the interaction 

between natural and socio-economic systems (Bastian et al., 2013; Boyd & Banzhaf, 2007; 

Costanza et al., 1997; Haines-Young & Potschin, 2010). Daily (1997) defines ecosystem 

services as ‘The condition and processes through which natural ecosystems, and the species 

that make them up, sustain and fulfil human life”. Costanza et al. (1997) characterized 

ecosystem services as ‘Benefits human population derive, directly or indirectly, from 

ecosystem function’.  Boyd & Banzhaf (2007) emphasized the types of benefits provided by 

ecosystems, describing ecosystem services as ‘Final ecosystem services are components of 

nature directly enjoyed, consumed or used to yield human well-being’. Explaining how 

humans may utilize such services, Fisher et al. (2009) defined ecosystem services as ‘The 

aspect of ecosystem services utilized (actively or passively) to produce human well-being’. 

A more recent definition by Burkhard et al. (2013) included inputs other than those from 

natural systems in delivering benefits for society i.e.  “Contribution of ecosystem structure 

and function – in combination with other input – to human well-being’. The most cited 

definition of ecosystem services is that stated by Millenium Ecosystem Assessment (MA, 

2005): ‘Benefits people obtain from ecosystem’. However, the notion and definition of 

ecosystem services is still evolving (Häyhä & Franzese, 2014).  

 

Ecosystem services are generated through complex processes of natural functions, 

incorporating living organisms and abiotic components of the environment (Jewitt et al. 

2014). Furthermore, humans may obtain services from the environment through intervention 

and management, sometimes rearranging the composition and structure of ecosystem 

components. The extent to which ecosystems are manipulated in order to obtain ecosystem 

services can vary. Of relevance here is the dramatic alteration of land cover and land use 

systems most obviously expressed in intensive agriculture or forestry (Fu et al., 2011).  

 

Types of ecosystem services have been classified in several ways. The Millennium 

Assessment (2005) divided ecosystem services into four practical categories: provisioning 

services (food, water, timber, fibre), regulating services (climate, water quality, clean air), 

cultural services (recreation, aesthetic, spiritual or cultural benefits) and supporting services 

(soil formation, photosynthesis, and nutrient cycling) (Figure 2.1). However, this framework 

has been criticized by economists as the inclusion of “supporting services” can cause double 
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counting in economic valuations (Lele et al. 2013).  Ojea et al. (2012) stated that "double 

counting may arise when a service is valued at two different stages of the same process 

providing human welfare". Double counting mostly applies to regulation services that 

support the supply of other services (Hein & Gatzweiler, 2006; Hein et al., 2006). Examples 

of double counting include: 

● Pollination services and fruit production services. Pollination services support fruit 

production, and the value of pollination services is embodied in fruit production.  

● Forests providing water flow (as regulating services) and water supply for 

hydropower (Ojea et al., 2012).  

Thus, my study considers provisioning services, regulating services, and cultural services 

associated with forestry (Figure 2.1). 

 

Supporting services: 
 

Nutrient cycling  
Soil formation 
Primary production 

 
 

Provisioning services: 
Food 
Fresh water 
Fibre and timber 
Fuel 

 
 

Regulating services: 
Climate regulation 
regulation 
Disease regulation 

 

Cultural services: 
Aesthetic  
Spiritual 
Educational 
Recreational 

 

Figure 2.1.  Classification of ecosystem services according to Millennium Assessment  

framework 

 

Addressing the importance of a common classification, the Common International 

Classification of Ecosystem Services (CICES) established a standardized description of 

ecosystem services (www.cices.eu). They classified ecosystems into three main types: 

provisioning, regulating and maintaining, and cultural ecosystem services.  

about:blank
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Häyhä and Franzese (2014) provided a summary of classification of ecosystem services, 

(Table 2.1).  

Table 2.1. Summary of classification of ecosystem services  

Commonly used classification of ecosystem services Reference 

Provisioning (e.g. food, timber) 

Regulating (e.g. climate regulation, flow regulation) 

Cultural (e.g. recreation, aesthetic, experiences) 

Supporting (e.g. photosynthesis, soil formation) 

 

 

Provisioning (e.g. food, timber) 

Regulating (e.g. climate regulation, flow regulation) 

Cultural (e.g. recreation, aesthetic, experiences) 

Habitat (e.g. nursery habitat, gene pool protection) 

 

Provisioning (e.g. biomass, water) 

Regulation and maintenance (e.g. mediation by ecosystem, pest 

and disease control) 

Cultural (e.g. physical, intellectual, and spiritual interaction with 

ecosystem).  

MA (2005) 

 

 

 

De Groot et al. (2010) 

 

 

(www. cices.eu) 

 

Source: Häyhä and Franzese (2014) 

 

MA’s (2005) and, Costanza’s et al. (2017) descriptions of ecosystem services emphasize the 

interrelationships between natural, social, and human capital required to generate ecosystem 

services. For example, provisioning services – benefits that people obtain from nature in the 

form of products for consumption needs -  usually require human capital, built capital, and 

social capital. Regulating services include benefits provided by ecosystems that enable 

protection from floods, extreme weather events, and which maintain climate, pollination, 

and air/water quality. Cultural ecosystem services include benefits from aesthetics, 

recreation, cultural identity, spiritual wellbeing, human capital (experiential enjoyment), and 

social capital (e.g. kinship, customs, family). 

For economic valuation, differentiation between final and intermediate services is crucial 

(Johnston & Russell, 2011). The failure to distinguish these two types of ecosystem services 

could lead to double counting (Boyd & Banzhaf, 2007; Fisher et al., 2009). Intermediate 

ecosystem services are “conditions or processes that only benefit humans through effect on 

other, they may view as input into the production of final services” (Johnston & Russell, 
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2011). Examples of final services include: water for consumption, timber, soil erosion 

prevention and recreation (Hein et al.,  2006; Johnston & Russell, 2011). Ecosystem services 

that can be categorized as intermediate services include photosynthesis, soil formation, and 

decomposition services (Johnston & Russell, 2011; Turner et al., 2007).  

 

Cultural services are often overlooked in studies of ecosystems (Daniel et al., 2012; Milcu 

et al., 2013; Pleasant et al., 2014) as is the relationship between biodiversity and ecosystem 

services (Cardinale et al., 2012; Mace et al., 2012). Comprehensive assessment of cultural 

ecosystem services is limited because such services are relatively difficult to determine when 

compared with the assessment of other ecosystem services (Daniel et al., 2012; Milcu et al., 

2013; Pleasant et al., 2014).  

 

Benefits or values that people obtain from the environment vary depending on factors such 

as: geography, demography, the condition of the ecosystem, and the society/culture of the 

people who live within it (De Groot et al., 2002).  For indigenous communities in rural areas, 

non-material benefits associated with environmental services (e.g. spiritual identity, 

heritage) are often more highly valued than material benefits (e.g. food, timber, fibre) 

(Berkes, 1999). This is because the culture, local wisdom, and livelihood of the people are 

strongly associated with the natural ecosystem surrounding them (Berkes, 1999; MA, 2005). 

Culture influences perceptions of values associated with the natural environment, 

determining what is important; and whether and how the environment may be managed or 

manipulated (Infield et al., 2015). Natural ecosystems also shape human cultures and 

determine their wellbeing (Baldwin et al., 2006, Von Heland & Folke, 2014). Culture also 

has a strong influence on how people perceive ecosystem services (Infield et al., 2015; MA, 

2005; Von Heland & Folke, 2014). Thus, the understanding of culture and how it influences 

environmental utilization is important (Pleasant et al., 2014).  

Culture can be defined in many different ways (Rosaldo, 2008). The concept of culture 

(moralities, ideas, assumptions) is interpreted in diverse ways in various disciplines 

(Baldwin et al., 2006). Psychologists define culture as “… ideals, values and assumptions 

about life that guide specific behavior and are widely shared by people” (Brislin & Kim, 

2003). The most comprehensive definition of culture is presented by Kroeber & Kluckhohn 

(1952) as cited in Baldwin (2008). It follows an analysis of more than 150 definitions across 

various disciplines (Baldwin et al., 2006).   
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Culture consist of patterns, explicit and implicit, of and for behavior acquired 

and transmitted by symbols, constituting the distinctive achievement of human 

groups, including their embodiment in artifacts; the essential core of culture 

consists of traditional (i.e., historically derived and selected) ideas and 

especially their attached values; culture systems may, on the one hand, be 

considered as products of action, on the other hand as conditioning elements 

of further action (p.18). 

 

Although ecosystem services reflect anthropogenic concerns, there is limited information on 

the socio-economic value presented to stakeholders (Iniesta-Arandia et al., 2014).  Studies 

of ecosystem services are often focused on economic and ecological aspects and rarely touch 

upon human factors. There is a clear need to develop and apply methodologies for assessing 

ecosystem services that jointly address both social and ecological factors (Bennett et al., 

2009).  

 

Cultural ecosystem services encapsulate the contribution of the environment to cultural 

aspects of human wellbeing. MA (2005) describes cultural ecosystem services as 

“nonmaterial benefit people obtain from ecosystem” and this benefit covers “cultural 

diversity, spiritual and religious values, knowledge systems, educational value, inspiration, 

aesthetic values, social relation, sense of place, cultural heritage values, recreation and 

ecotourism” (MA, 2005). The main criteria for consideration of these cultural aspects as 

ecosystem services is that they should demonstrate a relationship with ecosystem structure 

and function and contribute to the satisfaction of human needs (Daniel et al., 2012).  

 

Although cultural ecosystem services increasingly receive attention from the broader 

academic community (given their significant role in natural resource management), 

integrated assessment and comprehensive studies about cultural ecosystem services are still 

limited (Chan et al., 2012; Daniel et al., 2012; Milcu et al., 2013; Schaich et al., 2010). A 

review by Chan et al. (2012) found that most studies that touch on cultural ecosystem 

services are focused on recreation value and only a limited number of studies assess other 

aspects such as heritage value, identity, and spiritual value.  Compared with other ecosystem 

services, cultural services are usually intangible and subjective, and relatively hard to 

measure (Daniel et al., 2012; Milcu et al., 2013; Pleasant et al., 2014). Assessment of cultural 
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ecosystem services requires an in-depth historical perspective of economic considerations 

and culture (Fletcher et al., 2014).  

Neglecting cultural values in natural resource management could lead to the disappearance 

of local knowledge and values associated with local communities. Cultural services, once 

lost, cannot be replaced by alternatives. The sense of belonging and sense of connectivity to 

a specific place cannot be substituted with something else (Infield et al., 2015). Many 

societies place high value on their cultural beliefs and practices (MA, 2005; Wu & Petriello, 

2011).   

 

2. 2. Relationships Between Ecosystem Services 

 
Since ecosystems are complex systems, where human society has a significant impact, a 

broader and integrated approach contributes to understanding   ecosystem services and their 

relationships with society. This encourages ecologists or economists to be more aware of the 

complexity of ecosystems and the interrelationships among ecosystems, the economy, and 

society (Lele et al., 2013; Mace et al., 2012). This helps in developing sustainable natural 

resource management, balancing ecosystem services with the necessities of human 

development (Cord et al., 2017b). In particular, analysis of the impact of ecosystem trade-

offs for human well-being is crucial in order to: (1) maximize the benefits people obtain 

from ecosystems, (2) create land management policies that are consistent with social and 

ecological function, (3) develop resilience in social, economic, and ecological systems 

(Carpenter et al., 2005).  

 

Interdependencies among ecosystem services means that change in one ecosystem will affect 

other ecosystem services and trade-offs among ecosystem services cannot be avoided (Díaz 

et al., 2006; Rodríguez et al., 2006; Braat & De Groot, 2012; Bennett et al., 2015; Mach et 

al. 2015; Cord et al., 2017b).  

 

Maximization of the production of one ecosystem service can result in significant declines 

in the provision of other services (Bennett et al., 2009). For example, increasing crop 

production in agricultural systems can cause a decrease in other ecosystem services such as 

prevention of soil erosion, water regulation, and habitat provision (Coupe et al., 2013). More 

particularly, the rapid expansion of oil palm plantations in Indonesia can cause substantial 
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degradation to peatland ecosystems with concomitant release of greenhouse gases and loss 

of biodiversity (Sumarga & Hein, 2016).  Forest fires from clearing of native forest for oil 

palm plantations also has a substantial impact on human health  and can cause other 

economic impacts (e.g. people are unable to work or to travel to work because of smoke 

from forest fires) (Tacconi, 2003).  

 

In general, there are three types of interconnectedness between ecosystem services: trade-

offs, synergies, and bundles (Bennett et al., 2009). These interactions may occur through 

direct interaction between ecosystem services or may be triggered by concurrent responses 

to the same drivers (Cord, 2017).  Direct drivers include changes in land use, inappropriate 

use of natural resources, the introduction and expansion of populations of invasive exotic 

species, pollution, and climate change (Nelson et al., 2006). Indirect drivers include 

demographic change (e.g. changes in the age distributions and cultural composition of local 

communities), economic factors, market failures, scientific and technological change, 

institutional gaps, and socio-political factors (MA, 2005; Nelson et al., 2006).  

 

Synergies arise when enhancement of one service is followed by improvement in other 

services (Carpenter et al., 2005; Haase et al. 2012; Turkelboom et al., 2016).  Small-scale 

agroforestry systems in developing countries demonstrate good examples of synergies, 

where production of a tangible product occurs in parallel with improvement of carbon 

sequestration and water balance in forest ecosystems (Pretty et al., 2006).  

 

Bundles of ecosystem services refer to multiple services that exist together in response to 

the same ecological processes (Carpenter et al., 2009; Foley et al., 2005; MA, 2005; 

Raudsepp-Hearne et al., 2010). Tropical agroforestry, where trees are planted in association 

with crops, exemplify bundles of ecosystem services including provisioning services (e.g. 

fruits, timber) and regulating services (e.g. carbon sequestration and habitat provision) (Izac 

& Sanchez, 2001).  
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2.3.  Achieving Comprehensive Understanding through Interdisciplinary Research  

 

Environmental degradation in developing countries, particularly deforestation, emerges 

from the complex interface between social, economic, political, and cultural factors 

(Kissinger et al., 2012). Knowledge and perspectives from different disciplines are required 

to gain a more comprehensive understanding about the causes and impacts of, the actors 

involved in and alternative strategies for solutions to, environmental problems (Young 2002; 

Buanes & Jentoft 2009; Lele & Kurien 2011). For example, the issue of global warming 

relates not only to natural resource management but extends to economic and political issues 

(Buanes & Jentoft, 2009). Relevant to my study is land use change from traditional land use 

systems to monocultural oil palm plantations in Indonesia.   

 
Interdisciplinary approaches may be categorised as either multidisciplinary or 

transdisciplinary (Lele & Kurien 2011).  In multidisciplinary research, the different 

disciplines complement the solution to the problem (Max-Neef, 2005). Interdisciplinary 

approaches make a clear connection between disciplines but still maintain the characteristics 

of teach discipline involved in the analysis.  Transdisciplinary research involves a deep 

interplay among different disciplines (Lele & Kurien, 2011).  

 

The major obstacle to interdisciplinary research comes from the different approaches taken 

by different disciplines. Each discipline holds a set of norms that regulate unit analysis, 

methodology, and explanation. Sometimes norms from one discipline are contrary to those 

of other disciplines. For example, natural scientists believe that reality should be discovered 

through objective methodology, whereas social scientists, particularly the proponents of the 

constructivist paradigm, hold that facts are constructed (Bauer, 1990). Natural scientists 

synthesise the results of their research through external observation and believe in a general 

truth, contrary to many constructivist researchers who also apply context-specificity in their 

work. Some constructivists view it as imperative to interpret meaning from local 

perspectives (Lele & Kurien, 2011). However, a thorough understanding of theory and 

methodology from other disciplines, and how they interplay gives a basis for 

interdisciplinary research which can use each point of view to address the problem. It means 

that each discipline should be used as an important reference for interdisciplinary practices.   

Synergy between the various disciplines used is the key to successful interdisciplinary 

research (Broto et al., 2009).  
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Another criticism of interdisciplinary research is about its tendency for breadth rather than 

depth. The depth of research and the number of disciplines involved depends on the problem 

under investigation, and the availability of time and other resources (Buanes & Jentoft, 

2009). An aim of interdisciplinary research is to obtain cognitive advancement in order to 

articulate a new understanding or new meaning e.g in articulating the interaction among 

ecosystem services. This purpose is achieved by increasing the depth of analysis and breadth 

of coverage of the research as necessary (Repko, 2011). Klein & Newell (1997) provide a 

broadly recognised definition of interdisciplinary studies: 

Interdisciplinary studies is a process of answering a question, solving a 

problem, or addressing a topic that is too broad or complex to be dealt 

with adequately by a single discipline or profession… and draws on 

disciplinary perspectives and integrates their insight through 

construction of a more comprehensive perspective. 

 

 

2.4. Biodiversity, Ecosystem Process and Ecosystem Services  

 

Another important component in the assessment of ecosystem services is an understanding 

of the link between ecosystem services and ecosystem processes. Understanding this 

relationship enables identification of determinant factors and the quantity, quality, and 

reliability of ecosystem services (Cimon-Morin et al., 2013). Increased understanding of the 

links between ecosystem services helps to increase the effectiveness of the management of 

natural systems (Fu et al., 2013). For example, Balvanera et al. (2006) found that biodiversity 

and regulating services are strongly and positively correlated.  Cardinale et al. (2012) 

concluded that biodiversity has a positive effect on provisioning and regulating services.  

They identified multi-layered relationships between biodiversity and ecosystem services.  

 

Biodiversity underpins all ecosystem services (Balvanera et al., 2006; Cardinale et al., 2011; 

Hector & Bagchi, 2007; Hooper et al., 2005; Turner et al., 2007).  Thus, a decrease or loss 

of biodiversity threatens human well-being (Cardinale et al., 2012; Díaz et al., 2006; 

Hoekstra et al, 2005; Treml et al., 2015).  
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Biodiversity can be defined as all types of biotic variation and occurs at various scales 

including ecosystem, landscape, and genetic levels (Chapin et al., 2000). Biodiversity is 

understood to influence ecosystem services in three different ways: as a regulator, as a final 

ecosystem service, and as valuable goods for human use or consumption (Mace et al., 2012) 

(Figure 2.2). As a regulator, biodiversity influences ecological processes. For example, the 

nutrient cycle of a forest ecosystem is determined by the composition of microbiological 

communities in the soil. Biodiversity, as a final ecosystem service, includes the direct 

contribution of biodiversity to human wellbeing. For example: diversity of fungi could 

contribute to the availability of various resources for medicine development (Mace et al., 

2012). 

 

 

 

 

 

Source: Mace et al., 2012 

Figure 2.2. Relationship between ecosystem processes, final ecosystem services and 

good(s) 

 

 

2.5. Agroforestry 

Agroforestry is a collective name for natural resource management that retain trees in forest 

ecosystems to accommodate economic, social and environmental need (Leakey 1996). 

Raintree (1982), defined agroforestry as ‘a collective name for land-use systems, practices 

or technologies, where the woody perennials (shrubs, trees, bamboo...) are deliberately 

integrated with agricultural crops and/or animals in the same land management unit, in 

some form of spatial arrangement or temporal sequence.’ Khasa (2001) developed the 

specific purpose of agroforestry and redefined agroforestry as ‘a collective term for dynamic 

natural resource management systems, where woody perennials are integrated spatially 

and/or temporally with valuable herbaceous or woody crops (food, industrial, horticultural, 

forage, botanical, cover, decorative, handicraft) and/ or livestock, terrestrial and aquatic 

organisms, in order to diversify and sustain production to increase the wealth and well-
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being for land-users at all levels, depending on the ecological, socio-economic, political and 

cultural circumstances’. Agroforestry should align with principles of ecosystem integrity, 

maintaining biodiversity and natural function to ensure sustainability (Wyant 1996).  

 

Agroforestry is a dynamic and flexible system that can deliver benefits to multiple 

stakeholders (Atangana et al., 2014). In developing countries, agroforestry meets subsistence 

needs and provides income for farmers while maintaining ecological function (Garrity, 2012; 

Dawson et al, 2013).  A positive ecological and economic interaction is a key driver of 

successful agroforestry (Atangana et al. 2014).  Trees preserve ecological functions and 

provide economically-valuable products such as food, material for housing, and medicine.  

In particular, the use of local trees draws on existing adaptations to forest ecosystems 

maintaining valuable ecosystem services. A participatory approach, with all stakeholders 

(farmers, traders, private companies, NGOs or government) engaged, is a key component of 

successful agroforestry.  

 

Agroforestry systems can be classified based on socio-economic activities or on ecological 

condition. Based on socio-economic activities Lundgreen and Raintree (1982) classify 

agroforestry system into subsistence, commercial, and intermediate categories. Subsistence 

agroforestry is where products are consumed by farmers, usually poor forest-dependent 

individuals with limited access to markets.  Commercial agroforestry is characterized by 

high production rates involving high-price species.    Government or private companys are 

typically involved in commercial agroforestry. Intermediate agroforestry has characteristics 

of subsistence agroforestry and commercial agroforestry. Cash crops provides income  to 

local farmers and food crops fulfil basic nutrition needs.  

 

Agroforestry classified on ecological condition include homegardens, taungya system, tree 

gardens, shrubs on farmland, and alley cropping  (Atangana et al., (2014). 

 

2.6. Economic Valuation of Ecosystem Services 

 

Economic valuation of ecosystem services provides a measure of the value of the 

environment to the broader community.    Economic valuation can be defined as “an attempt 

to assign quantitative values to the goods or services provided by the ecosystem” (Kumar & 

Nair, 2004).  
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Millenium Ecosystem Assessment (2003), Pearce & Turner (1990) and Hein et al. (2006) 

classify environment value into four main categories: 

1. Direct Use value derives from direct utilisation of ecosystem services (Pearce & 

Turner, 1990). Direct use values encompass provisioning services and some cultural 

services.  For example, timber production from forests, fishing from lakes or 

recreational appreciation of   mountains (Prato, 1998).  

2. Indirect use values arise from the indirect utilisation of ecosystem services. This value 

includes positive externalities provided by ecosystems e.g. water and climate 

regulation, soil nutrient regulation, or flood prevention capacity (Hanley & Spash, 

1993).  

3. Option value is related to value gained from preservation of natural resources for future 

use. This value reflects the irreplaceability of natural resources or the high cost to 

replace certain natural resources (Prato, 1998).  

4. Non-use value has strong links to existence value.  It is the value derived from the 

knowledge that some goods have value even though they are not directly utilised. Non-

use values include existence value and bequest value. Existence value is the value of 

retaining a good or services given knowledge or awareness about the good or service 

(TEEB, 2010; Walsh et al., 1984, Amirnejad, 2006). Bequest value refers to the value 

an individual gives to preserve the environment for the advantages of future 

generations (Cummings & Harrison, 1995). 

 

In general, methods to measure the value of ecosystem services include three common 

approaches: (a) direct market valuation, (b) revealed preference and, (c) stated preferences 

(Chee, 2004).  For total economic valuation, market valuations are typically used.  However, 

if markets are not available (as for many ecosystem services) value can be estimated from 

indirect market appraisal (Revealed Preference Approach) or hypothetical market appraisal 

(Stated Preference Approach) (TEEB, 2010). The valuation techniques for each approach 

are summarised in Table 2.2.  The choice of the valuation method applied in any particular 

assessment is influenced by the availability and type of data, skills, analytical tools; socio-

economic status of end users, and by the nature of the problem (Alavalapati et al., Nair, & 

Barkin, 2001). 
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Table 2.2. Approach and valuation methods in Total Economic Valuation 

Valuation 
approach 

Description 
Example of 

methodologies 
Type of ecosystem 

services 

Market 
Approches 

   

- Direct 

market 

approaches  

Utilizing price from 
actual market to value 
good and services 
from ecosystem 

- Market price - Provisioning 

services (e.g. fruits, 

timber, fish) 

- Cultural ecosystem 

services (e.g. 

recreational) 

- Indirect 

market 

approaches  

Utilizing the price/cost 
of market goods as a 
proxy to value 
ecosystem services. 
This approach is 
applicable where there 
are no real markets.  

- Replacement 

cost  

- Damages cost 

avoided  

- Production 

function/factor 

income  

- Regulating services 

(e.g. soil erosion 

control, storm 

protection, water 

regulation) 

Revealed 
preference 
approaches  

Utilizing information 
from market 
observation to provide 
a measure of 
ecosystem services 
value  

- Hedonic 

pricing 

- Travel cost 

- Cultural ecosystem 

services (e.g. 

recreational 

benefits, aesthetic 

value) 

Stated 
preference 
approaches  

Estimating value of 
ecosystem services by 
creating hypothetical 
market and asking 
respondents their 
willingness to pay for 
particular goods or 
services  

- Contingent 

valuation 

- Choice 

modelling  

- Provisioning 

services (e.g. fruits, 

fuelwood, timber) 

- Regulating services 

(e.g. climate 

regulation, flood 

control) 

- Cultural ecosystem 

services (e.g. scenic 

beauty, recreation) 

Benefit transfer Utilizing value from 
existing studies in 
other place and time 
to make extrapolation 
about economic value 
of ecosystem services 

Benefit transfer - Provisioning 

services (e.g. fruits, 

fuelwood, timber) 

- Regulating services 

(e.g. climate 

regulation, flood 

control) 

- Cultural ecosystem 

services (e.g. scenic 

beauty, recreation) 

 

Source: (Christy et al., 2012; De Groot et al., 2002; TEEB, 2010). 
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The direct market approach uses data from real markets to reveal the value of ecosystem 

services. This approach is applicable to those ecosystem services that provide goods or 

services that can be bought and sold (Brown, 1994). Thus, provisioning services which 

provide goods (e.g. fish, fruit, timber, honey) and information (e.g. recreation) can be valued 

according to the price that they attract in markets (De Groot et al., 2002). However, this 

method only applies to marketable ecosystem services.  Many ecosystem services are public 

goods such as fresh air and fresh water.  These are not typically bought and sold at market 

(Farber et al., 2006). Furthermore, direct market valuation tends to undervalue ecosystem 

services because it does not take into account the consumers surplus. For example, the price 

of timber only includes the cost of bringing that product into the market for sale. The market 

price of trees therefore excludes the other values generated from trees such as soil retention, 

water regulation, flood control, and climate change mitigation (Farber et al., 2002).  Finally, 

direct market valuation does not provide information on the links between the value of 

ecosystem services and marketable commodities (Daily, 1997; Daily et al., 2009; Spash, 

2000). In the context of agroforestry systems, valuation of ecosystem services includes 

products consumed (e.g. in support of day to day living) and sold in the market (Alam, 2012).  

 

The revealed preference approach attempts to value ecosystem services attached to 

marketable commodities or services by observing users’ preferences for various services. 

Information relating to individual preferences for ecosystem services is obtained through 

observation of people choices of goods with different types or levels of ecosystem services 

(TEEB, 2010; Hein, 2010). The travel cost method (comparing prices paid to access 

particular goods or services) and hedonic pricing (comparing asset value given certain 

ecosystem services) are two examples of valuation methods derived from this approach 

(Hanley & Spash, 1993).   Ku suma (2005) stated that economic valuation of traditional land 

use systems is critical to indigenous people, it helps gain recognition and support from 

government for their existence in regional natural resource management.  

 

Economic valuation conducted in developing countries may not accurately reflect the value 

of ecosystem services (Christy et al., 2012; McCouly & Mendez, 2006; Heane, 1996; Kenter, 

2011; Georgiou at al., 2006). Application of monetary valuation is affected by the general 

absence of markets, low literacy levels, and deeper-held values (Kenter 2011; Christy, 2012; 

Whitington 1998).  In a subsistence society, where most of population are directly dependent 

on natural resources many of which are not traded in markets, market price valuation may 



 28 

distort the importance of the product (Herane, 1996). Low literacy levels affect the efficacy 

of contingent valuation which requires that respondents understand the scenario used in the 

description of a hypothetical market (Fazey et al, 2010).  More particularly, willingness to 

pay has little meaning when respondents have little or no money.  Thus, the willingness to 

pay in poor or subsistence societies tends to undervalue the significance of good or services 

derived from the ecosystem (Arrow et al., 1993). Furthermore, indigenous people may attach 

greater cultural and spiritual value than economic value to goods and services derived from 

forest ecosystems (Raymond et al, 2010; Bourque & Fielder, 1995). A summary of economic 

valuation studies conducted in Indonesia is presented in Table 2.3. 

Table 2.3. Value criteria and methods used in economic valuation studies in Indonesia 

Value Criteria Parameter Method Reference 

Direct Use value Rice paddy 

Galam wood 

Beje Fishing 

Commond fishing 

Purun plan 

House hold water 

Direct market 

approach 

Hamdani et al, 

2014 (TEV 

non-tidal 

swamp, 

Kalimantan 

Indonesia) 

Indirect use value Biological value 

Water storage and water 

recycling Carbon storage 

Benefit transfer 

Option value Biodiversity option value  Contingent 

valuation 

Non-use value Bequest value 

Existence value 

Contingent 

valuation 

Direct Use value Timber 

Non-timber forest products 

Direct market 

approach 

Kusuma, 2004 

(TEV 

traditional land 

uses system in 

East 

Kalimantan 

Indirect use value Erosion prevention 

Carbon sequestration 

Benefit transfer 

Option value Biodiversity option value Contingent 

valuation 

Non-use value Existence value Contingent 

valuation 

Direct Use value Timber 

Fish 

 

Direct market 

approach 

Baderan, 2013 

(TEV 

mangrove in 

Gorontalo) Indirect use value Sea water intrusion prevention 

Erosion prevention 

Replacement 

cost 

Option value Biodiversity option value 

Carbon sequestration 

Benefit transfer 
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For developing countries, including communities with high levels of poverty, non-monetary 

valuation methods such as questionaries, interviews and participatory rural appraisal have 

greater efficacy than market-based approaches (Terer et al., 2004; Kaplowits, 2001; King & 

Faasily, 2009).  Such methods allow in-depth assessment of social and cultural value often 

lost in economic valuation  (Kaplowits & Hoenhn, 2007). The combination of economic 

valuation with non-monetary valuation can provide a more accurate and broader valuation 

of ecosystem services facilitating understanding of the motivation of community members, 

and cultural/spiritual value (McMillan et al., 2002; Spash, 2007; Kenter, 2011).  

 

In Wakatobi, coral reef ecosystems provide support for fisheries, eco-tourism, and coastal 

protection (Hargreaves-Allen, 2004). In non-tidal swamps in South Kalimantan, valuation 

focuses on the capacity of the ecosystem to support paddy farming and to provide fresh water 

(Hanafi et al., 2014). The scope of these studies range across districts (Hanafi et al., 2014; 

Mankay et al., 2013), villages (Kusuma, 2005), and specific sites (Hargreaves-Allen, 2004).  

 

Valuation of ecosystem services can demonstrate the importance of ecological and social 

cultural values. For example, Hanafi et al. (2014) estimated that of the total economic value 

of a non-tidal swamp ecosystem, 92% was ecological and social/cultural value, whereas only 

7% was economic value. Similarly, Baderan (2013) estimated the total economic value of a 

mangrove ecosystem in Gorontalo to be USD 5 million/ha/year: comprising mostly (62%) 

ecological and social-cultural value. Mankay et al. (2013) revealed significant differences 

between economic and ecological value of mangrove ecosystems in South Minahasa: of the 

total economic value (USD 45.904,06/ha/year), ecological value was 93%. 
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CHAPTER III 

METHODOLOGY 

 

This chapter describes the methodology applicable to interdisciplinary research on 

ecosystem services relating to forest-dependent communities in Indonesia.  I draw on the 

pragmatism paradigm in addressing the research questions presented. This mixed method 

approach links different disciplines (Kissinger et al., 2012) and allows the use of multiple 

methods and their integration to gain better understanding of ecosystem services and their 

importance to communities (Buanes & Jentoft, 2009).  Most data in this research was 

obtained using quantitative methods, through survey, observation, and measurement. 

Qualitative methods were used to gain deeper understanding and to give further explanation 

of the quantitative data. Assessment of ecosystem services in this research uses the 

framework developed by Millennium Assessment (2005).  

 

3.1. Pragmatism Paradigm as an Approach to Assess Ecosystem Services 

 
My study includes an interdisciplinary assessment of ecosystem services associated with 

agroforestry in Indonesia.  It includes analyses of ecological, social, and economic factors.  

As such, the study does not fit neatly into prevailing paradigms which feature in individual 

disciplines (e.g. the power of markets/consumers in economics).  Rather, it draws on and 

integrates, the approaches of several different disciplines.  Kissinger et al. (2012) recognised 

that environmental issues are complex and require an interdisciplinary approach. The 

objective of interdisciplinary research is to integrate different methods and approaches to 

arrive at a deeper understanding of complex issues.   In doing so, it is essential that the 

researcher acknowledges the paradigms behind each approach and considers how these may 

influence the outcomes of the research (Creswell & Poth, 2017; Creswell, 2009). Greene & 

Caracelli (1997) define a paradigm as “a set of interlocking philosophical assumption and 

stance about knowledge, our social world, our ability to know the world and our reason for 

knowing it”. Creswell (2009) describes four different definitions of paradigm: worldview 

systems, epistemological stance, shared belief in a research field, and model examples. 

Those four concepts of paradigm influence how researchers seek and produce knowledge 

and how they understand the evidence presented. The differences between them relate to the 
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degree of generality (Clark & Creswell, 2008). The paradigm functions as a hypothetical 

guide or framework which influences the orientation of the research including the type of 

research question, the method used to collect information, and the standards applied. 

Acknowledging the paradigm as the basis of the methodology used gives legitimacy and 

meaning for inquiry, knowledge, and understanding (Greene & Caracelli, 1997).  

 

Creswell (2009) identifies four main paradigms: positivism/post-positivism, constructivism, 

advocacy/participatory, and pragmatism. Each paradigm offers a different approach to 

understanding and interpreting knowledge (Clark & Creswell, 2008). The post-positivism 

paradigm is characterized by the need to assess the causes that determine outcomes or 

effects. This paradigm focuses on correlation between two or more variables through careful 

objective observation and measurement of the phenomenon or reality. It also refers to 

deductive thinking, moving from general theories to specific topics. Objectivity is crucial 

and therefore the method of observation and measurement should be carefully chosen to 

eliminate bias (Creswell, 2009). 

 

Constructivism, by contrast, is based on an understanding of knowledge as a result of the 

inquiry of human beings so as to understand the world in which they live. A constructivism 

paradigm acknowledges that humans’ understanding of the world around them cannot be 

separated from their experiences and history and thus is very subjective. Realities are 

constructed by humans as they engage with their environment.  This paradigm adopts 

inductive thinking, starting from specific contexts to generate broader patterns or theories. 

Other paradigms such as the advocacy or participatory paradigm suggests that research 

should be integrated with a political agenda. Under this paradigm research participants are 

actively involved in developing methodology, research questions, and analysis of the results 

(Creswell, 2009).  

Finally, pragmatism is based on the view that research should emphasize the solution of real 

problems in society. In other words, it is focused on the consequences of the research. This 

paradigm deliberately uses mixed methods in order to gain knowledge that will be used to 

solve the problem (Creswell, 2009). 

Pragmatism does not place significant weight on the contradiction between two paradigms 

(positivism and constructivism). Rather, it grounds their logic and rationale into empirical 

perspectives.  The pragmatist researcher does not consider qualitative and quantitative 
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approaches as two opposite positions (Newman & Benz, 1998), but as two approaches that 

could strengthen each other (Creswell, 2009). The pragmatist maintains the different 

philosophical logic behind each paradigm but poses them independently and therefore 

mixing them is considered to be acceptable (Greene & Caracelli, 1997). “This different 

paradigm does not really matter very much to the practice because a paradigm is best viewed 

as a description not prescription” (Greene & Caracelli, p.8, 1997). Qualitative methods are 

typically used within constructivist approaches and quantitative methods are typically used 

within positivist approaches (Patton, 1998). These two methods work differently and are 

suitable for investigation of different phenomena (Greene & Caracelli, 1997).  

With a strong emphasis on problem solving and flexibility in data collection methodology, 

the pragmatism paradigm is the most appropriate philosophical foundation to assess 

ecosystem services from agroforestry. Thus, I was able to gather both objective measurement 

of biophysical information from forests and subjective perceptions of local community 

members, generating knowledge of ecosystem services. The combination of deductive 

analysis (positivism) and inductive reasoning (constructivism) provides a comprehensive 

understanding of the importance of agroforestry in providing ecosystem services.  This is 

important in rural development and conservation biodiversity in Central Kalimantan.  

 

The mixed methods approach is used to gain knowledge by combining qualitative and 

quantitative approaches.  However, it is more than just collecting two types of data. It 

involves the careful and appropriate use of two approaches simultaneously to increase the 

rigour of the study (Tashakkori & Teddlie, 2008). A mixed method design is useful when a 

research problem is complex and where qualitative or quantitative methods used alone are 

not adequate to address the problem. Furthermore, mixed methods provide a broader 

understanding from different perspectives and deeper insights about the research problem 

(Creswell, 2009; Tashakkori & Teddlie, 2008). 

 

Although the use of mixed methods may be highly beneficial in addressing complex issues, 

insufficient planning and inappropriate application of the different methods could result in 

unreliable interpretation of data. Mixing methodologies is challenging and requires a 

thorough understanding of the paradigms behind each method. This strategy emerges from 

an understanding that each method has limitations and biases and combining multiple 

diverse methods could counter their weaknesses (Brewer & Hunter, 1989; Greene & 



 34 

Caracelli, 1997) Ideally, the different methods should deliver consistent results. In this way 

the researcher will gain more confidence in the research results. Furthermore, if the results 

from different methods produce conflicting results, the validity of the research is placed into 

question (Brewer & Hunter, 1989). 

 

 

3.2. Case Study 

 
A case study is an inquiry to derive empirical knowledge of a phenomenon under study 

within its natural setting (Cresswell, 2007; Yin, 2013) (Table 3.1). Working on natural 

settings presents an opportunity to develop understanding from a case/multiple cases 

(Benbasat et al., 1987). Focusing on one case allows researchers or practitioners to gain in-

depth and comprehensive understanding of the phenomena under study (Benbasat et al., 

1987; Yin, 1994).  

 

Table 3.1. The characteristics of a case study (from Creswell, 2007)  

Characteristics Description 

Focus Developing an in-depth description and analysis of a case or 

multiple cases 

Type of problem best 

suited for design  

Providing of in-depth understanding of a case or cases  

Discipline background Drawing from psychology, law, political science and medicine 

Unit of analysis  Studying an event, a program, an activity, more than one individual 

Data collection form Using multiple sources such as interviews, observations, 

documents, artefacts  

Data analysis 

strategies 

Analysing data through description of the case and theme of the 

case as well as cross-case theme 

Report writing Developing a detailed analysis of a case or cases 
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3.3. Research Framework 

  

My research focuses on rattan agroforestry in Tumbang Runen village, Central Kalimantan 

as a case study (Figure 3.1). It is divided into three main parts:  

1. An assessment of ecosystem services provided by rattan agroforestry for local, 

regional, and global communities. 

2. An analysis of the interconnections between these services. 

3. A comparison of ecosystem services provided by traditional and intensive forestry 

practices. 

 

Figure 3.1. Research framework 

 

The assessment of regulating services aims to measure the capability of rattan agroforestry 

to contribute to habitat provision, climate regulation, and soil erosion prevention. Plant 

diversity was selected as an indicator of habitat provision. Climate regulation is represented 

by the above-ground carbon stock (important in carbon emissions reduction). Surface root 

biomass and litter thickness (and biomass) measure the capability of rattan agroforestry in 
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limiting soil erosion. Plot-based observations were used to measure the biodiversity of 

vegetation and the above ground carbon stocks in local forests.  Further details on survey 

methodology relevant to this analysis are provided in Chapter IV. 

 

The assessment of cultural services includes the exploration of cultural values that local 

people attach to the landscape around them. This assessment will help to understand how 

cultural value, ethics, and local wisdom influence forest management. In-depth interviews, 

observations and focus group discussions were used to gather rich and in-depth qualitative 

information.  More details on methodology relevant to this analysis are provided in Chapter 

V.  

 

The assessment of provisioning services included identification of the goods that local 

community take from rattan agroforestry. This assessment includes an economic valuation 

of direct use of such goods. Provisioning services were identified from household surveys, 

focus group discussions, and personal observations. Estimation of the economic value of 

provisioning services used market and travel cost methods. Further details of methodology 

relevant to this analysis are provided in Chapter VI.   

 

Finally, I analyse the interconnections between ecosystem services with an emphasis on the 

mechanisms underpinning the derivation of ecosystem services from rattan agroforestry. 

This includes the identification of trade-offs in ecosystem services exemplified by intensive 

oil palm plantations.  Further details of methodology relevant to this analysis are provided 

in Chapter VII.   
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The sequence of each assesement is presented in Figure 3.2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2. A flow chart describing the proposed progress of the research 

 

 

 

3.4. Analysis 

 

I used multilayer analysis in evaluating agroforestry and its relationship with forest-

dependent communities in Indonesia.  The outer layer analysis was conducted focussed on 

the relationships between ecosystem services and the inner layer analysis was focussed 

specifically on each type of ecosystem service. Each ecosystem service was analysed using 

different methods depending on the type of data and the research objective. Regulating 

services were assessed with descriptive statistical analysis. Cultural ecosystem services were 

assessed using thematic and content analysis, and provisioning services were assessed with 

descriptive statistics.  
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3.5. Description of Research Setting 

 
My research was conducted at Tumbang Runen village in the Tasik Payawan sub-district of 

the Katingan district of Central Kalimantan, Indonesia (Figure 3.3). This village was chosen 

because most people living in these villages own and manage rattan agroforestry and also 

because rapid expansion of oil palm plantations is occurring around the villages.  

Central Kalimantan province is the second largest in Indonesia (BPS, 2017). Located at 

0o45 North–3o30 South and longitude 110o45 –115o50  East (Sumarga & Hein, 2015), 

Central Kalimantan covers an area of 153,564 km2 or approximately 8% of the total area of 

Indonesia.  It is administrated into 13 regencies and one municipality (BPS, 2017).  

Located close to the equator, Central Kalimantan has a moist tropical climate (Sumarga & 

Hein, 2015). The maximum temperature reaches 35.520 C and an average minimum 

temperature of 23.100C.  Humidity ranges from 99.6% to 56.4%.  Seasons can be 

characterised as wet or dry. The maximum number of rainy days usually occurs in February 

(22 days) and the minimum in August (9 days) (BPS, 2017). 

 

In 2016, the population of Central Kalimantan was 2,550,192 with an annual population 

growth of 2.21%. With an area of more than 150,000 km2 the population density of Central 

Kalimantan is 17/km2 (BPS, 2017). 

 

The Katingan district spans longitude 1120 00  – 1130 45  E and latitude 00  20  - 3030 N and 

has an area of 1,750,000 hectare or 11.4% of the total area of Central Kalimantan (ICCC, 

2014). The district extends along the Katingan River which flows from North to South. The 

topography of the district is diverse: hilly in the Northern part near the Muller-Schwaner 

mountain range; and relatively flat in the South. The altitude ranges from 13 – 50 m above 

sea level (BPS, 2014). 
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Figure 3.3. Map of Indonesia and the Katingan District (inset in red)     

 

Like most areas in Indonesia, the Katingan district has a tropical moist climate, with 

temperatures ranging from 24.70 C to 37.90 C. The monthly total rainfall ranges from 122.7 

mm in the dry season (March - September) to 625.5 mm in the wet season (October - 

February). The high rainfall and the high intensity of sunlight results in high relative 

humidity: 74.4% (BPS, 2014). 

 

The Katingan district is divided into 13 sub-districts and 154 villages. Katingan has a 

population of 155,100 inhabitants living within 34,900 households (BPS, 2014). The 

demographic data show 81,300 males and 73,900 females. The average number of family 

members in each household is 3.9 adult persons/household (BPS, 2014). 

 

The livelihoods of most of the inhabitants of Katingan are heavily dependent on natural 

resources. They engage in fishing, shifting cultivation, small rubber plantations, gold mining 

and/or rattan production (Bizard, 2010).  More than 60% of people in this district rely on 

rubber plantations and rattan as their main sources of income. Traditionally, fishing occurs 

along rivers, creeks and on lakes. Rubber plantations are cultivated traditionally and on a 

small scale (IFACS, 2014). Community members also collect non-timber forest products 

such as tree bark, latex, honey, and edible plants (WWF, 2012). In recent years, increasing 

numbers of people also work as laborers for palm oil companies (Bizard, 2010). 
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The Katingan district has four main agriculture products: palm oil (65,116 Ha), rubber 

(22,057 Ha), coconut (2,077 Ha) and coffee (134 Ha) (BPS, 2014).  A massive expansion of 

oil palm plantations has occurred in recent years (Setiawan, 2013). In 2010, the amount of 

land underoil palm plantation was 35,422 Ha. This increased to 65,155 Ha by 2013 (Central 

Statistic Agency /BPS, 2014). This rapid expansion follows the low price of land, favorable 

regulations, water resource availability and, in particular, high market demand for palm oil 

(Setiawan, 2013).  

 

About three-quarters of the area in Katingan is forested, and about 90% of this forested area 

is habitat for a wide diversity of species including the critically endangered orangutan 

(Pongo pigmateus) (Figure 3.4). Due to its unique ecosystem characteristics, Katingan has 

two important protected areas: Bukit Raya, Bukit Baka National Park in the north and 

Sebangau National Park in the south. The major threat to natural ecosystems in this area 

comes from the expansion of oil palm plantations, fires, and illegal logging (IFACS, 2014) 

all of which are interrelated.  

 

Forested areas in the Katingan district provide habitat for diverse flora and fauna. One study 

at Sebangau National Park found 808 flora species belonging to 128 plant families, 65 

species of mammal, and 43 species of reptile (P2RK, 2012). Peat land forest in this area is 

habitat for high quality commercial timber such as Jelutung (Dyera costulata), Belangeran 

(Shorea belangeran), Meranti (Shores spp.), Keruing (Dipterocarpus spp.), and Agathis 

(Agathis spp.). Several vertebrates listed in the International Union for the Conservation of 

Nature’s Red List of Threatened Species are also found in this area, for example the 

orangutan (Pongo pygmaeus; critically endangered),  Bornean white-bearded gibbon 

(Hylobates albibarbis; endangered), proboscis monkey (Nasalis larvatus; endangered), and 

rhinoceros hornbill (Buceros rhinoceros; near threatened) (P2RK, 2012).  
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             Figure 3.4.  Map of the Katingan District in Kalimantan, Indonesia 

 

 

 

3.6. Rattan Agroforestry 

 

Rattan is a non-branching palm species, which commonly use spines to attach to trees 

(Watanabe & Suzuki, 2007).  Belonging to the Arecaceae family, (alternative name Palmae), 

rattan includes 600 species within 13 genera (Dransfield, 2001). The Arecaceae family is 

dominated by two genera: Calamus (370 species) and Daemonorops (115 species) (Uhl & 

Dransfiled 1987). Rattan inhabits tropical and subtropical forests, ranging from the Indian 

subcontinent to the Pacific islands. Within the tropics, rattan can grow in a wide range of 

habitat including tropical rain forest, monsoon forest, savannahs and highlands (up to 3000 

m above sea level) (Dransfield, 2001; Meijaard et al., 2014). Most rattan species require 

abundant sunlight to grow (particularly climbing rattan) whereas other rattan species are 

adapted to shaded habitat e.g. forest floor (Watanabe & Suzuki, 2007). Climbing rattan use 

either cirrus (modified structures at the tip of the leaf rachis) or flagella (modified 
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inflorescences) to climb trees in tropical forests (Tomlinson et al, 2001). Rattan species also 

vary in growth form: cluster and solitary (Dransfield, 2001).   

 

Rattan is cultivated and harvested for its cane, which is durable, lightweight, flexible and 

strong, making it a favoured raw material for handicrafts, furniture-making, use as a binding 

material, and for matting and baskets (Dransfield, 2001; Meijaard et al., 2014; Sastry, 2001). 

In forest-dependent communities, rattan serves a variety of uses including traditional 

medicine, food, natural dye, and construction material (Dransfield, 2001; Renuka, 2001).  

 

In forest-dependent communities in Kalimantan, rattan is usually cultivated as part of 

swidden agriculture (Figure 2.3).  Rattan is planted together with (rice) paddy and other 

crops (e.g. corn, cassava, banana) or sequentially cultivated after two or three periods of 

paddy cultivation. Rattan can be harvested after 5-7 years of planting and then regularly 

harvested every 2-3 years. Most farmers in Kalimantan cultivate two species of rattan: rattan 

sigi (Calamus caesius) and rattan irit (Calamus trachycoleus) (Arifin, 2006). To harvest 

rattan, farmers cut the stem about 1 metre above ground and release the rattan from its host 

tree. The harvested stems are then cut into sections, usually about 6 metres in length. In 

cluster rattan, one cluster can yield about 20-50 kg of rattan stems.  The amount of rattan 

harvested is limited by the capacity of the harvester to carry rattan from the forest to the 

village (Haury & Saragih, 1996).  

 

 

Figure 2.3. Rattan agroforestry in Tumbang Runen village, photographed from river side 
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Rattan is considered as an important non-timber forest product.  More than 700 million 

people are involved in the trading and utilisation of rattan (Sastry, 2001). Since the 1960s 

rattan has contributed significantly to the economy of forest-dependent communities in 

Indonesia (Godoy, 1990). Until 2008, Indonesia was the leading exporter of rattan furniture 

to the European market (Hirschberger, 2011). Most of the rattan traded from Indonesia 

originates from natural forests of the large islands including Sumatera, Kalimantan, and 

Sulawesi. Only a small proportion of traded rattan is cultivated (Kartodihardjo, 1999).  The 

potential for rattan cultivation in Indonesia has been estimated at 9.4 million hectares, 

yielding an average annual production of about 573,000 tonnes (Indonesia, 1992). 

 

Research relating to the ecology of rattan in Indonesia includes some studies on the diversity 

of rattan (Siebert, 2012; Sumarhani & Kalima, 2015), the diversity of trees in rattan 

agroforestry, (Adiwibowo et al., 2012), the impact of rattan harvesting on the structure and 

composition and the carrying capacity of the forest (Siebert 2001; Widayati et al., 2010), 

and the management practices of rattan farmers (Bizard, 2013). Most studies highlight 

differences in diversity of rattan agroforestry located within secondary or primary forests.  

Until now, there have been no studies that evaluate ecosystem services in the context of 

rattan agroforestry. 
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CHAPTER IV 

REGULATING SERVICES FROM RATTAN AGROFORESTRY 

 

 

4.1. Introduction 

 

This chapter describes the biodiversity of vegetation associated with rattan agroforestry and 

explores the links between biodiversity and the regulating services provided by these forest 

ecosystems. Estimates of above-ground carbon stock are used as proxies for of the capacity 

of rattan agroforestry in climate regulation. Similarly, measurements of litter thickness and 

surface root biomass represent the capacity of rattan agroforestry to mitigate soil erosion.  

 

 

4.1.1. The Role of Agroforestry in Carbon Sequestration and Biodiversity Conservation 

 

The continuing growth of human populations and their economic, and industrial activities 

requires more land and natural resources. This leads to increasing threats to forested areas 

(Singh et al., 2015; Sumaharani & Kalima, 2015). Conversion of tropical forests into 

intensive agriculture is one of the primary environmental concerns globally (Brown & Lugo, 

1990; Corlett, 1991; DeFries et al., 1999; Miyamoto, 2006). Expansion of oil palm (Elaeis 

guineensis) plantations in Indonesia has caused several environmental and social issues 

(Carlson et al., 2012; Hein & van der Meer, 2012; Sumarga & Hein, 2016). Large-scale oil 

palm plantations tend to be established by private companies to produce palm oil, a 

commodity widely used in food, chemical, and cosmetic industries and, increasingly, for 

biofuel. Of the total land used to establish oil palm plantations, 56% is from the conversion 

of natural forest (Koh & Wilcove, 2008) and is associated with: loss of biodiversity (Nantha 

& Tisdell, 2009), high carbon emissions (Carlson et al., 2013; Germer & Sauerborn, 2008), 

and conflict between oil palm companies and local communities (Feintrenie et al., 2010; 

Obidzinski et al., 2012). Emission of CO2 from the conversion of forest into oil palm 

plantation is estimated to be 650 Mg/ha (Singh et al., 2015). The extensive development of 

oil palm plantations in Indonesia also threatens traditional agroforestry enterprises such as 

rattan cultivation (Potter & Lee, 1998). Furthermore, the loss of ecosystem services caused 
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by anthropogenic activities, including large-scale plantation forestry, is considered to be 

severe (Chapin et al., 2000; Foley et al., 2005; MA, 2005).  

 

Rates of deforestation and concomitant carbon emissions in Indonesia are among the highest 

in the world (Margono et al., 2012; Carlson et al., 2013; Parker et al., 2010). Indonesia, 

together with Malaysia, produces most of the world’s palm oil (85%) (Phalan et al., 2013). 

Between 2000 and 2014, the area of oil palm plantations in Indonesia has increased at the 

rate of about 485 ha per year with more than 10 million ha of oil palm plantations recorded 

in 2014 (Indonesian Central Bureau of Statistics, 2015).  

 

Within Indonesia, deforestation for the expansion of oil palm plantations is highest in the 

province of Central Kalimantan (Broich et al., 2011; Ministry of Agriculture, 2014). About 

933,000 ha of new oil palm plantation was established in Central Kalimantan between 2000 

and 2010.  Nearly half (50.8%) was established after clearing biodiverse tropical forests 

(Sumarga & Hein, 2016).  

 

Ecological impacts of deforestation include loss of habitat, loss of biodiversity, and release 

of greenhouse gases (GHG). Anthropogenic fires, which accompany deforestation, create 

large-scale ecological, economic, and health impacts.  Fire is still widely used in land 

clearing and can escape containment lines, causing uncontrolled forest fires (Gouyon et al, 

1993; Sheil et al., 2009).  In addition, deforestation also leads to expansion of degraded areas 

that are prone to forest fires which can be ignited naturally, for example by lightning storms. 

Forest fires associated with deforestation cause economic loss through the disruption of 

transportation, economic activities, and the destruction of commodity crops and other 

commercial plantations. Health problems related to forest fires include lung disease, 

increased incidence of respiratory infections, and asthma (Tacconi, 2003; WHO, 2006).  

 

Agroforestry, including the commercial cultivation of rattan, offers an alternative to the 

severe environmental degradation associated with palm oil production, while still supporting 

the livelihoods of local people.  The finantial revenue per land unit for rattan agroforestry is 

much less than oil palm plantation (see Chapter VI).  However, in contrast to oil palm 

cultivation, rattan-based livelihoods avoid detrimental impacts such as land use change, loss 

of biodiversity, and increased carbon emissions (Albrecht & Kandji, 2003; Hairiah et al., 

2004).  Agroforest ecosystems contain about 12% of global terrestrial carbon, and are 
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important in carbon cycling (Dixon, 1995; Dixon et al., 1994; Smith et al., 1993). 

Agroforestry typically includes crops and/or pasture maintained within natural forest 

ecosystems that provide economic yields and other social and ecological benefits (Nair, 

1993; Young, 1997).  

 

Retention of natural forests in agroforestry allows carbon sequestration (Krankina & 

Harmon, 1994; Smith et al., 1993; Winjum, et al., 1992). Carbon sequestration in 

agroforestry is estimated to range from 12 - 228 Mg/ha (Albrecht & Kandji, 2003). The 

amount of carbon stored in any agroforestry operation depends on the type of agroforestry, 

management system, and ecological conditions (Albrecht & Kandji, 2003).  

 

Agroforestry is characterised by diverse vegetation including large trees, shrubs, 

understorey, and associated vegetation, similar in many ways to natural forest ecosystems.      

However, agroforestry offers economic and, therefore, social benefits because commercially 

valuable plants can be cultivated within the forest ecosystem. For forest dependent 

communities in Indonesia, this approach has been practiced for centuries and is clearly 

sustainable (Belcher, 2001).  

 

One of the oldest complex agroforestry systems in Indonesia is rattan agroforestry. Rattan 

cultivation in Indonesia has been developed as part of small-scale swidden agriculture 

systems for more than 100 years (Belcher, 2001). Swidden agriculture systems involve 

cutting and burning areas of forest to prepare the land for temporary cultivation of crops. In 

the mid-nineteenth century, local communities in Kalimantan began to include the planting 

of rattan as part of the management of these swidden areas. Typically, rattan cultivation 

follows two crops (2 years) of rice planting within the forest. After 5 - 7 years, the rattan can 

be harvested. Periodic rattan harvesting can then continue every 2 or 3 years (Meijaard et 

al., 2014). These areas have become known as “rattan agroforests”. 

 

‘Rattan’ is the common name for several species of spiny climbing palms that belong to the 

subfamily Calamuideae, within the Arecaceae family (also known as Palmae) (Dransfield, 

2001). Rattan originated in the old-world tropics and subtropics and includes approximately 

600 species within 13 genera (Dransfield, 2001; Meijaard et al., 2014). The distribution of 

rattan extends from the Indian subcontinent to the Pacific islands and from sea level to 3000 

m elevation. Rattan thrives in a variety of habitats including equatorial rainforest, monsoon 
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savannahs, and subalpine heathlands (Dransfield, 2001; Meijaard et al., 2014).  Many 

species of rattan depend heavily on sunlight for their development and as such do not occur 

under dense canopies. Other species are adapted to shaded habitats. Rattan species also vary 

in their growth form: some grow in clusters, whereas others grow as solitary plants. A cluster 

of rattan can include more than fifty stems (Dransfield, 2001).  

 

Rattan is valued for its woody stems, which may range between 2 mm – 10 cm in diameter. 

Unlike bamboo, rattan stems are solid. The stems are strong, flexible, and suitable for a 

variety of products. The most popular rattan product is furniture: the canes (stems) are bent 

and woven into cane furniture. Additional rattan products include carpets, walking sticks, 

ropes, birdcages, matting, and baskets (Dransfield, 2001; Meijaard et al., 2014; Sastry, 

2001).  Some communities utilise the fruits and leaves of rattan in traditional medicines 

(Dransfield, 2001; Renuka, 2001). The resin from rattan fruits can also be used as a natural 

dye and as medicines (Dransfield, 2001).  

 

 

4.1.2. Regulating Services: The Link Between Biodiversity and Other Ecosystem 

Services 

 

De Groot et al. (2002) define ecological services as values related to the capacity of the 

ecosystem to maintain processes on which life depends and the diversity, complexity, and 

rarity of the ecosystem. Regulating services is one of the four categories of ecosystem 

services defined by the Millennium Assessment (MA, 2005). Ecosystem services provided 

by forests include climate regulation, air quality, water quality, erosion control, and carbon 

storage (Mace et al., 2012). Some silvicultural practices (including land clearing by burning 

and the establishment of monoculture plantations) can threaten these services.  This Chapter 

examines ecosystem services, particularly biodiversity, climate regulation, and erosion 

regulation that can be provided by rattan agroforestry. Deforestation and particularly forest 

fires increase greenhouse gas emissions, adding to global warming and causing adverse 

climate change impacts.  Deforestation, in removing intact trees and associated root systems 

creates erosion, sedimentation, and detrimental impacts, particularly to aquatic ecosystems. 

In general, climate regulating services are defined as the influence of ecosystem on climate 

or, in other words, the capacity of the ecosystem to maintain a favourable climate for living 
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organisms (De Groot et al., 2002; MA, 2005).  Vegetation and climate are linked through 

the macro-carbon cycle. Given the negative effects of accumulation of greenhouse gases 

(GHG) in the atmosphere (Albrecht & Kandji, 2003), it is important to assess the capability 

of agroforestry systems to regulate climate by absorbing carbon dioxide (Albrecht & Kandji, 

2000). I have used above-ground carbon stock as a climate regulation indicator because most 

carbon in tropical forest is stored in the aboveground biomass (Luyssaert et al. 2007) and 

considered to be the most important carbon pool in the context of land-use change and 

climate change (Alves et al. 2010; Kotto-Same et al. 1997).  

 

Erosion regulation is defined as the role of vegetation in retaining soils, regulating runoff, 

and preventing soil erosion (De Groot et al., 2002; MA, 2005). In addition to their role in 

mitigating greenhouse gas emissions, forested areas also have important roles in preventing 

soil erosion. Vegetation cover protects soils from rain-induced erosion and root systems 

strengthen soil stability, enhancing hydrological and mechanical retention of soil (Gumiere 

et al., 2011; Rey et al., 2012; Vannoppen, 2015; Zhang 2014).  

 

Biodiversity is a key concept in understanding ecosystem services (Mace et al., 2012). 

Biodiversity is understood to influence ecosystem services in three different ways: as a 

regulator of ecosystem processes (through trophic linkages), as a final ecosystem service, 

and as valuable goods for human use or consumption (Mace et al., 2012).   Thus, managing 

biodiversity is important in the maintenance of essential ecosystem services (TEEB, 2010). 

My research focuses on vegetation as an indicator of biodiversity.  The consequences of 

harvesting rattan and associated forestry practices on biodiversity are also examined. 

 

The second part of this Chapter examines the above-ground carbon stock (AGC) in rattan 

agroforestry with various harvesting practices. The AGC includes tree, litter, and 

understorey vegetation. This indicates the capacity of rattan agroforestry for carbon storage 

and the associated provision of climate regulating services.  

 

Litter significantly affects the interception and pooling of rainfall and the associated 

circulation of nutrients and energy in forest ecosystems (Neris et al., 2013; Rao & Zhu, 

2007). The role of litter in soil conservation and water regulation is related to: (1) reduced 

evaporation in droughts, which helps to retain soil moisture; (2) increased water infiltration 

due to reduced surface run off and reduced direct impact of the rain falling onto the soil; (3) 
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maintenance of the micro climate and provision of suitable conditions for micro and macro 

fauna in and on the soil.  The activities of these fauna contribute to soil porosity further 

increasing water infiltration. Research in North Lampung, Indonesia shows that the addition 

of litter of about 8 Mg. ha-1year-1 from Gliricidia (Gliricidia sepium) pruning can increase 

soil porosity from 45% to 55% (Hairiah et al., 2004).  

 

Measurement of root density in rattan agroforestry may be used to assess erosion control 

services.  Root biomass in the near surface layer has a significant influence in preventing 

soil erosion due to rain splash and surface run off. The roots assist in soil aggregation and 

can also repair damage to soil structure (Frank, 2000; Kutschera-Mitter, 1991, Gyssels & 

Poesen, 2003). Shallow roots help improve soil properties by increasing mechanical 

reinforcement. Interwoven roots bind the soil, preventing erosion (Preston & Crozier, 1999).  

 

 

4.2. Research Objectives 

 

Assessing the regulating services of rattan agroforestry is crucial so that local government 

and other stakeholders can include these important contributions when comparing the value 

of different types of land uses and especially when seeking to address the catastrophic effects 

of deforestation. Promoting the regulating services of rattan agroforestry assists decision 

makers to develop policies to conserve natural resources and to support sustainable 

livelihoods in affected communities. 

 

Specifically, this chapter has the following objectives: 

1. To identify the biodiversity of vegetation in rattan agroforestry. My research also 

compares vegetation biodiversity between harvested rattan agroforestry, abandoned 

rattan agroforestry, and oil palm plantations.  

2. To quantify the above ground carbon stock (AGC) in rattan agroforestry, and to 

compare the AGC in harvested rattan agroforestry, abandoned rattan agroforestry, 

and oil palm plantations. 

3. To quantify the litter thickness and surface root biomass in rattan agroforestry and to 

compare harvested rattan agroforestry, abandoned rattan agroforestry, and oil palm 

plantations.  
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Assessment of regulating  services conducted at eight study sites, three study site represent 

harvested rattan agroforest, three study site reresent abandoned rattan agroforest and two 

studi site repesent oil palm plantation (Figure 4.1).  

 

 

Figure 4.1. Location of study sites 

 

 

Two different plots were established at each of the eight study sites, the first being a survey 

plot for vegetation analysis and the second a plot for carbon stock measurement. These two 

plots overlapped each other as shown in Figure 4.2. The plot for vegetation analysis was 

divided into sub-plots (Figure 4.4). 
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Figure 4.2. Dimensions of the survey plots for vegetation surveys (blue lines) and 

carbon measurements (red lines) carried out during (month(s), year(s)) at 

each of eight study sites in Tumbang Runen village, Central Kalimantan, 

Indonesia.  

 

 

4.3.1. Biodiversity Assessment  

 

The diameter at breast height (DBH) is a standard method of expressing the diameter of a 

trunk of a standing tree. For my research, the Australian definition of DBH was used. Here 

the diameter of the tree trunk is measured at 1.3 metres above the ground (ACFA, 2007). 

The measurement of the DBH of a tree is relatively simple if the tree shape is cylindrical 

(Figure 4.3 A). However, where the form of the tree is irregular, this can be difficult. The 

method of DBH measurement for irregularly shaped trees is shown in Figure 4.3 B-E.  

 

 

Figure 4.3. Measurement of tree diameter for irregular trees (Hairiah et al., 2011) 
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A survey of the vegetation present at each of the eight study sites was conducted. The 

Indonesian National Standard for vegetation surveys (BSN, 2011) was applied to measure 

the diversity of vegetation. This involves sampling the vegetation present according to the 

growth form and size of the plants. Trees were classified into four main size groups. Trees 

with diameter at breast height (DBH) > 20 cm were classified as mature trees; trees with 

DBH between 10 and 20 cm were classified as poles; trees with DBH <10 cm were classified 

as saplings, and trees with heights less than 1.5 m were classified as seedlings (Soerianegara 

& Indrawan, 2002). Each vegetation survey plot was divided into a series of sub-plots (see 

Figure 4.4) and the number of plant species for each size range was counted within a 

corresponding sub-plot. 

 

As recommended by the Indonesian National Standards for Vegetation Surveys (BSN, 2011) 

five sub-plots (20 x 20 m) were established for quantification of mature trees. Five sub-plots 

(10 x 10 m) were established for quantification of poles and 5 sub-plots (2 x 2 m) were 

established for quantification of seedlings and understorey plants. The vegetation surveys 

provided information about the number of species (species richness) and the number of 

individuals of each species (species density) for plants from each size class within each sub-

plot (Figure 4.4). Further analyses included calculation of the average abundance, species 

richness and evenness, basal area of trees (Table 4.1). 

 

 

Figure 4.4. Line and square plot method (Soerianegara & Indriawan, 2002) for 

assessing plant biodiversity by life form type. This method allows plants 

of different sized life forms to be sampled representatively 
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All trees (of each of the size categories noted above) found in the relevant sub-plots were 

identified to species in the field with the assistance of local experts where necessary. The 

scientific name of each species was sourced from previous studies in the same area including 

Hamard (2008), Harrison et al. (2012), Rotinsulu et al. (2013) and (P2RK, 2015). The DBH 

of each tree in the mature tree and pole categories was measured and recorded. The species 

richness (number of different species) and abundance (number of individuals of each 

species) within the relevant subplots were determined for trees within each size class (mature 

tree, pole, and sapling). The abundance of liana (vines) and rattan species was also recorded 

within each (20 x 20 m) sub plot for mature trees because these plants are associated with 

large trees.  The number of species (species richness) and the number of individuals of each 

species (species abundance) was identified and quantified for understorey vegetation within 

2 x 2 m sub-plots. Additional qualitative information about the economic and cultural 

function of each species was obtained as part of the assessment of cultural ecosystem 

services through in depth interviews with local community members (see Chapter V).  

 

Several parameters were calculated from the variables measured during the vegetation 

assessments. These included: species diversity indices (Shannon and Margalef index), 

average vegetation density, basal area, evenness index and importance value (IV). IV was 

calculated from relative density, relative frequency, and relative dominance of particular 

vegetation species. Importance value represents how important the particular species is in 

the ecosystem. Species with a higher IV show greater basal area, higher density, and more 

frequent appearance in the forest. Species with an IV greater than 10% were classified as 

important species in rattan agroforestry across all study sites.  

 

My study also compared the average diversity indices (Shannon and Margaleff) and the 

average evenness index of rattan agroforestry harvested within the last five year (HRAs) 

with those indices measured from rattan agroforestry abandoned for more than five years 

(ARAs). Diversity indices were calculated for each plot and then average values were 

derived for each rattan forest type. Statistical analysis (t-test between two independent 

variables) was conducted using IBM SPSS 21 software, with significance level < 0.05%. 

Variables assessed in vegetation analysis are presented at table 4.1. 
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Table 4.1. Description of variables used in vegetation analysis 

Variable Description 

Total species 

richness 

(number of 

species) 

Total number of plant species including trees, lianas, palms, ferns and 

shrubs counted within subplots, summed across plots within the same 

land-use category. Calculated for: 

- Harvested rattan forest sites (n=3) 

- Abandoned rattan forest sites (n=3) 

- Oil palm plantation sites (n=2)  

Average species 

richness per plot 

(number of 

species/plot) 

Total number of species of mature trees, poles, saplings and seedlings 

counted within subplots, summed across plots within the same land-use 

category and divided by the number of plots. Calculated for:  

- Harvested rattan forest sites (n=3) 

- Abandoned rattan forest sites (n=3) 

Average density 

per plot 

(number of 

stems/h/plot) 

Number of stems/ha of mature trees, poles, saplings and seedlings counted 

within subplots, divided by the number of plots within the same land-use 

category. Calculated for: 

- Harvested rattan forest sites (n=3) 

- Abandoned rattan forest sites (n=3) 

Total Basal area 

(m2) 

Total cross-sectional area of mature trees, poles and saplings measured 

within subplots, summed across plots within the same land-use category. 

Calculated for: 

- Harvested rattan forest sites (n=3) 

- Abandoned rattan forest sites (n=3) 

Average Basal 

area per plot 

(m2/plot) 

Total cross-sectional area of mature trees, poles and saplings measured 

within subplots, summed across plots within the same land-use category 

and divided by the number of plots. Calculated for: 

- Harvested rattan forest sites (n=3) 

- Abandoned rattan forest sites (n=3) 

Relative density Density on one species compare with density of all species within one 

study site 

Relative 

frequency 

Frequency of one species compare with frequency of all species within 

one study site 

Relative 

dominance 

Basal area of one species compare with basal area of all species within 

one study site 

Importance Value 

(IV) 

Sum of relative density, relative frequency and relative dominance (%). 

Importance value was calculated for each species in each type of rattan 

agroforestry. The calculation was conducted for each category of 

vegetation (mature tree, pole, sapling and seedling.  

Average Shannon 

diversity index 

Mathematic measure of species diversity in vegetation community. The 

equation is H’= 𝑎 ∑  𝑝𝑖 ln 𝑝𝑖𝑛
𝑛=1 , where 𝑝𝑖 = proportion of each species 

(i) compared with all species.  Shannon diversity index was calculated as 

an average for each type of rattan agroforestry (3 plots) 
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Variable Description 

Average 

Margaleff 

diversity index 

Mathematic measure of species diversity in vegetation community. The 

Equation is Dm= (S-1)/lnN, where S = number of species and N = total 

number of individuals. Margaleff diversity index was calculated as the 

average for each type of rattan agroforestry (3 plots) 

Average Evenness 

Index 

Distribution of species in all observation plot, E = H/Ln(S), H = Shannon 

diversity index, S = number and species. Evenness index was calculated 

as the average for each type of rattan agroforestry (3 plots) 

 

4.3.2.  Above Ground Carbon Stock Assessment   

 

Assessment of the carbon sequestration capacity across the three different land use 

categories (ARA, HRA, PO) was conducted using a method developed by the International 

Centre for Research in Agroforestry (ICRAF) (Hairiah et al., 2011). This method has been 

widely used in Indonesia and has proven to be suitable for Indonesian ecosystems (Hairiah 

et al., 2011). It includes measurement of above ground biomass (living biomass and 

necromass). Living biomass was divided into vegetation growth forms: (trees, lianas, 

climbing trees, and understorey vegetation). Necromass encompasses litter and dead 

standing trees or fallen trees. 

 

One 20 x 100 m measurement plot was established at each study site to measure carbon stock 

(Figure 4.5). A rectangular (rather than a square) plot was used so as to increase the 

likelihood of including any heterogeneity in sampling, such as different plant growth forms 

(Soerianegara & Indriawan, 2002). Additional information about land-use history and 

geography was required to complete the information about carbon stock in the area. Ten sub 

plots each of 0.25 m2 were established within the main plot to quantify the biomass of 

understorey plants and litter. 
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Figure 4.5. Design of plot for sampling of carbon stock measurement and litter depth 

 

Non-destructive assessment of the biomass was used for trees larger than 5cm DBH. The 

number of trees >5cm DBH within 20 x 100 m2  plots was counted and the volume of the 

timber estimated from an allometric equation. 

 

Destructive measurement was applied for trees with diameter < 5 cm, understorey, lianas 

and climbing trees. All plants and necromass in each of the previously listed categories found 

within each 0.5m x 0.5m subplot were cut and/or collected and weighed in the field to obtain 

the wet-weight biomass. A subsample of material (100 – 200 gram) was taken from each 

plant and necromass category from each 0.5m x 0.5m subplot. These subsamples were 

transported to the laboratory, then oven-dried at (800 C) to obtain the dry weight biomass. 

These parameters were used as an input to an allometric equation to estimate the carbon 

content.  

 

 

(AGB)est = ρ * exp(-1.449+2.148 ln(D)+0.207 ((ln(D))2 – 0.0281 ((ln(D))3) 

Where: 

(AGB)est = Above carbon biomass estimation  

ρ = wood specific density  

D = DBH  

 

Allometric equations have been widely used for non-destructive estimation of biomass for 

woody vegetation (Basuki et al., 2009; Kuyah et al., 2016). It follows from destructive 

sampling of trees or other vegetation (Basuki et al., 2009; Brown, 2002; Chave et al., 2005). 

 
 

100 m 

= Plot for understorey plot observation (0.5 m x 0.5 m) 
 = Trees with DBH > 30 cm 
 
= Tress with DBH , 5 cm 
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The allometric equation above is a regression equation between biomass as the dependent 

variable, and DBH, height, or wood density as the independent variable (Brown, 2002; 

Chave et al., 2005). The allometric power function is y=axb and expressed as a linear 

equivalent by ln(y)= a + b × ln(x), where y is the dependent variable, x is the independent 

variable, a is the intercept coefficient, and b is the scaling exponent (Kuyah et al., 2012).  

 

Of all allometric equations that have been developed, those developed by Chave et al., (2005) 

are considered to be the most accurate to estimate biomass (Rutishauser et al., 2013) and are 

applied here. This follows the recommendations of the Intergovernmental Panel for Climate 

Change (IPCC) for estimating carbon stock especially in tropical forests (Chave et al., 2005).  

 

The calculation of oil palm tree used allometric equation developed by ICRAF (International 

Centre for Research in Agroforestry).  

(AGB)est = 0.0976 H + 0.0706 

Where : AGB est = Above Ground Biomass estimation 

              H     = Height of oil palm tree 

 

 

The calculation of rattan biomass followed the procedure developed by the Directorate 

General of Inventory and Forest Spatial Planning Indonesia (1990). For estimation of the 

length and the weight of rattan, the average diameter, average length, and the fresh weight 

of the rattan was first calculated. Calculations were conducted by measuring the diameter, 

length, and weight of 180 samples of rattan (from 30 sub plots within each of 6 study sites). 

The diameter of each rattan stem within each observation area (20m x 40 m) was measured 

with callipers to the nearest mm. In each sub plot, six stems of rattan were collected, 

representing the young rattan, the semi mature rattan, and the mature rattan. The young rattan 

included those plants with the stem still covered by green leaf. The semi-mature rattan are 

those plants with the stem covered partly by green leaf and partly by yellow leaf. The mature 

rattan includes plants with the stem covered by yellow and brown exodermis. 

 

The stems of rattan sampled from each subplot were oven dried for three days at 800C then 

weighed to the nearest gram for estimates of biomass.  Estimation of length and weight of 

fresh rattan followed the equation: 
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The carbon content in each plant was estimated from the biomass and used the assumption 

proposed by Hairiah et al. (2011) (that the carbon content in a plant is 46% of its total 

biomass). This estimate is considered to be sufficient to compare carbon sequestration 

potential across the three forest categories. Table 4.2 presents variables assessed in above 

ground carbon calculation.  

 

Table 4.2. Description of variable used in above ground carbon calculation 

Variable Description 

Above ground 

carbon stock 

Carbon stored in living vegetation and necromass above the soil 

surface. Above ground carbon stock (AGC) was calculated as  

- Average of total AGC across all rattan agroforestry (6 plots) 

- Average of total AGC across all oil palm plantations (2 plots) 

- Average carbon stock in each component (tree, rattan, litter, and 

understorey vegetation) across all rattan agroforestry (6 plots) 

- Average of total AGC in each type of rattan agroforestry (3 

plots) 

- Average of carbon stock in each component in each type of 

rattan agroforestry (3 plots) 
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4.3.3. Assessment of Litter Thickness and Surface Root Biomass 

 

Litter thickness is considered to be a good indicator of the capability of the ecosystem to 

prevent surface soil erosion because it represents the capacity of rain water to infiltrate into 

the soil (Hairiah et al., 2004). Ottmar & Andreu (2007) define litter as “the top layer of the 

forest floor composed of loose debris of small diameter dead twigs, grass, recently fallen 

needles and leaves that is little altered by decomposition”. Water regulation services were 

evaluated from measurements of the thickness of the litter and root biomass.  

 

I estimated litter thickness using a method developed by International Centre for research in 

Agroforestry ICRAF (Hairiah et al., 2004). Litter thickness measurement was conducted by 

randomly selecting ten points in the 5 m x 40 m observation plot (Figure 4.6). At each of 

these ten points, the litter layer was compressed and its thickness measured (using a 

graduated rule); from the top of the litter layer to the bottom of the layer (the soil surface). 

Table 4.3 presents variables measured in the soil erosion assessment. 

 

Determination of root biomass in the surface layer (5 cm of top soil) followed the method 

developed by Bohm (1997). Soil biomass was measured by collecting 25, 5 x 5 cm3 samples 

of top soil from the forest floor with a shovel. After separating roots from the soil through a 

hand washing method, roots were dried in an oven at 800 C for three days and then weighed 

to the nearest milligram. 

 

  Table 4.3. Description of variables used in root and litter assessment 

Variable Description 

Litter thickness 
The thickness of litter layer (cm). Litter thickness was 

calculated as the average for each type of rattan agroforestry (3 

plots) 

Surface root biomass 
Weight of dry surface root (gram). Surface root biomass was 

calculated as an average for each type of rattan agroforestry (3 

plots) 
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Some of the research activities are illustrated in Figure 4.6. 

 

 
Figure 4.6. Data collection activities. Clockwise from top left: identification of 

vegetation biodiversity, interviews with local community, 

observations of fishing location, measurement of rattan diameter, 

measurement of height of oil palm  

 
 
4.4. Results 

4.4.1. Plant Biodiversity 

 

A total of 101 species from 34 families of plants was recorded from the 2.4 ha surveyed at 

the six rattan agroforestry study sites (Table 4.4).  Most species (97) occurred naturally in 

rattan agroforestry, with six species cultivated by farmers Havea braziliencis (rubber tree); 

Mangifera caesa (mango); Durio zibethinus (durian); Syzygium malaccense (rose apple), 

Calamus caesius (rattan) and Calamus trachycoleus (rattan). Trees (all size classes 

combined) accounted for the greatest diversity at all sites, with 80 tree species recorded. 

Other growth forms: shrub, rattan, liana and ferns contributed 7, 4, 4 and 6 species 

respectively. Of the tree families, Euphobiaceae and Anacardiaceae were the most diverse 

with six species for each family. 
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Of the 101 plant species found across the six rattan agroforestry sites, 79 species were found 

only in harvested rattan agroforests.  This comprised 63 tree species, five species of palm 

(three of these palms were species of rattan), one fern species, eight species of shrubs, and 

one species of liana. Eighty-three species were found in the three abandoned rattan 

agroforestry sites, comprising 65 species of tree, four species of palm (including three 

species of rattan), three species of fern, seven species of shrubs, and four species of liana.  

Not surprisingly, vegetation diversity in rattan agroforestry was much higher than in oil palm 

plantations.   Only one species of palm Elaesis guineensis (oil palm) and three species of 

shrubs (Euthemis leucarpa (Saraka), Acroceros munroanum (Uru humbang) and Piper sp 

(Uru patei uti) were found at the two oil palm sites.  Oil palms were not found in rattan 

agroforests. The shrubs species found in oil palm plantations were also found in rattan 

agroforests. 

 

Understorey vegetation (seedlings, shrubs, and ferns) accounted for the highest average 

vegetation density across the rattan agroforestry study sites, with 53,000 stems/ha. The 

average density of saplings at the rattan agroforestry sites was 1000 stems/ha, poles 

(317stems/ha), and mature trees (178 stems/ha).  

 

Vitex pubescen (Kaluan) was the densest mature tree species in HRAs with 26.7 stems/ha 

and Havea braziliencis (Rubber) in ARAs with 21.7 stems/ha. When considering the ‘pole’ 

size class for trees, the densest species in HRAs included: Elaeocarpus mastersii 

(Bangkinang Bangamat), Syzygium sp (Jambu Burung) and Pternadra sp (Kamasulan). 

These three species each showed similar densities of 27 stems/ha. For ARAs, Polyalthia 

hypoleuca (Banit) (46.7 stems/ha), Havea braziliencis (Rubber) (53.3 stems/ha) and 

Syzygium havilandii (Tatumbu) (40 stems/ha) were the densest species within the ‘pole’ size 

class. Similarly, for small trees (saplings), Elaeocarpus mastersii (Bangkinang bangamat) 

was recorded as the most abundant species in HRAs with 240 stems/ha, and Havea 

braziliencis (Rubber) in ARAs with 186.7 stems/ha. The understorey vegetation in HRAs 

was dominated by seedlings of the tree Dillenia excelsa (Kaja) with 4167 stems/ha, whereas 

ARAs were dominated by shrubs, Pilodendron mamei (Muhau) and Euthemis leucarpa 

(Saraka) (9000 stems/ha for each species). 

 

For all trees (including poles and saplings), there was a total basal area of 21.9 m2/ha across 

all study sites in rattan agroforestry. Mature trees contributed more than half of the total 
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basal area of the forest (57%) with pole and sapling, accounting for 25.0% and 18.3% 

respectively.  

 

Interviews with local community members (detailed methods described in chapter V) 

revealed that most plant species (89%) in rattan agroforestry were considered to be useful. 

Uses included food, construction material, manufacture of small boats, medicinal plants, fuel 

wood, and cultural ceremonies. Details about utilization of vegetation in rattan agroforestry 

will be discussed further in Chapter V.  
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Table 4.4. List of vegetation utilised by local community of Tumbang Runen Village 

 

No. Scientific Name Local Name 
Growth 

form 
Utilization 

Rattan 
agroforestry  

category 
(HRAs /ARAs) 

Type of tree (mature 
tree/pole/sapling/ 

seedling) 

1 Acroceras munroanum Uru humbang shrubs fodder ARAs  

2 Agroforestryia tubifera Nini randa tree construction (houses) HRAs, ARAs pole, seedling 

3 Alpinia sp.  Suli shrub medicine, cosmetics HRAs, ARAs  

4 Antidesma sp Asem tatap tree food HRAs sapling 

5 Antidesma phanerophe Untek undang tree food, fuel wood HRAs, ARAs sapling, seedling 
6 Aranga pinata Hanau/Aren palm food HRAs mature 

7 Artobotrys suaveolins Bajakah tampelas liana medicine ARAs  

8 Artocarpus sp Tilap tree construction (houses) 
HRAs, ARAs 

mature tree, pole, sapling 
and seedling 

9 Santiria spp. Humbang tree fuel wood HRAs mature tree 

10 Baccaurea bracteata Hampuak  tree fuel wood ARAs seedling 

11 Baccaurea motleyana Rambai kawung tree traditional ceremonies HRAs sapling  
12 Beilschmiedia glabra Madang tree construction (houses and 

infrastructure) 
HRAs, ARAs 

mature tree, pole, sapling 

13 Blumeodendron tokbrai Tusuk karandang tree used as tools to catch fish   

14 Buchanania arborescens Sangeh tree medicine HRAs, ARAs sapling, seedling  
15 Calamus caesius Rotan sigi palm  handicraft, construction  

and traditional 
ceremonies 

HRAs, ARAs 
 

16 Calamus trachycoleus Rotan irit palm handicraft, construction  
and traditional 
ceremonies 

HRAs, ARAs 
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No. Scientific Name Local Name 
Growth 

form 
Utilization 

Rattan 
agroforestry  

category 
(HRAs /ARAs) 

Type of tree (mature 
tree/pole/sapling/ 

seedling) 

17 Calophyllum 
macrocarpum 

Parut/Bintangur tree construction (houses) 
HRAs, ARAs 

pole  

18 Chisocheton amabilis Babaka tree climbing tree for rattan, 
construction, fuel wood, 
medicine 

ARAs 
mature tree 

19 Christensenia 
aesculifolia 

Teken parei shrub cosmetics , food 
ARAs 

 

20 Cinnamomum sintok Kajunjung/sintok tree traditional ceremonies, 
construction (houses) 

HRAs, ARAs 
mature tree, pole, sapling 
and seedling 

21 Clerodendron sp.  Sepang tree food HRAs, ARAs seedling  

22 Cordyline sp Sawang 
bahandang 

shrub traditional ceremonies 
HRAs 

 

23 Croton laevifoliu Belanti tree climbing tree for rattan, 
fuel wood, construction 
(infrastructure) 

HRAs, ARAs 
mature tree 

24 Croton tiglium Kamandrah tree poison, medicine ARAs mature tree 
25 Crudia tenuipes Kalewang/lewang tree construction (houses), 

boat, medicine 
HRAs, ARAs 

mature tree 

26 Daemonorops fissus Singkah bajungan palm food ARAs  
27 Dialium patens  

 

Bahantung tree food, climbing tree for 
rattan, fuel wood, and 
bird’s food 

HRAs, ARAs 
mature tree, pole 

28 Dicranopteris linearis Hawuk shrub food ARAs  

29 Dillenia excelsa Kaja tree construction 
(infrastructure), 
fuelwood. 

HRAs, ARAs 
mature tree, pole, sapling 
and seedling 



 66 

No. Scientific Name Local Name 
Growth 

form 
Utilization 

Rattan 
agroforestry  

category 
(HRAs /ARAs) 

Type of tree (mature 
tree/pole/sapling/ 

seedling) 

30 Dimocarpus loingan Tangkuhis tree food HRAs mature tree, pole 

31 Diospyros confertiflora Tulang handipe tree construction 
(infrastructure) 

HRAs, ARAs 
mature tree, sapling, 
seedling 

32 Diospyros foetida Kasar bakei tree medicine, traditional 
ceremonies 

ARAs 
mature tree, sapling, 
seedling 

33 Diospyros pseudomala 
barica 

Tutup kabali tree food, orangutan food 
HRAs, ARAs 

mature tree 

34 Diospyros sp. Buring pahe tree food, construction 
(infrastructure) 

HRAs, ARAs 
mature tree, pole 

35 Diospyros sp. Kayu sial tree unutilized HRAs, ARAs pole  

36 Dipterocarpus tampurau Tampurau tree construction (houses) HRAs, ARAs mature tree 

37 Dracontomelon dao Sangkuang tree food, construction 
HRAs, ARAs 

mature tree, pole, sapling 
and seedling 

38 Dyospyros sp Kayu sial tree unutilized HRAs, ARAs pole  
39 Durio zibethinus Durian tree food HRAs mature tree 

40 Elaeocarpus mastersii Bangkinang 
bangamat 

tree climbing tree for rattan 
HRAs, ARAs 

mature tree, pole, sapling 
and seedling 

41 Elaeocarpus 
acmocarpus 

Pitanak/Patanak tree fuel wood, climbing tree 
for rattan 

HRAs, ARAs 
sapling, seedling 

42 Eugenia elmeri Enyak beruk tree fishing tools HRAs, ARAs seedling 

43 Euthemis leucarpa  
 

Saraka shrub unutilized 
HRAs, ARAs 

mature tree, sapling, 
seedling 

44 Ficus benyamina Lunuk/Beringin tree location for traditional 
ceremonies, as place to 
place offering for spirits 

ARAs 
mature tree 

45 Flacourtia euphlebia Rokam tree medicine ARAs pole  
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No. Scientific Name Local Name 
Growth 

form 
Utilization 

Rattan 
agroforestry  

category 
(HRAs /ARAs) 

Type of tree (mature 
tree/pole/sapling/ 

seedling) 

46 Garcinia bancana Gantalang tree food, medicine HRAs pole, sapling 

47 Garcinia  beccarii Gandis tree food, medicine HRAs, ARAs mature tree 
48 Glochidion  

glomerulatum 
Pating bintang tree unutilized 

HRAs, ARAs 
mature tree 

49 Gluta velutina Rangas  tree construction 
(infrastructure and 
houses) 

HRAs, ARAs 
mature tree, pole, seedling 

50 Gluta wallichii Rangas Manuk tree construction 
(infrastructure and 
houses), handicraft 

HRAs, ARAs 
mature tree, pole, sapling 
and seedling 

51 Havea  brazilliencis Karet tree latex 
HRAs, ARAs 

mature tree, pole, sapling 
and seedling 

52 Horsfieldia crassifolia  
 

Kayu bahandang tree construction (houses) 
HRAs 

mature tree 

53 Ilex cymosa Kamasira tree climbing tree for rattan HRAs, ARAs mature tree, pole 

54 Ilex wallichi Sasumpit  fuel wood, climbing tree 
for rattan 

HRAs, ARAs 
mature tree, pole, seedling 

55 Jakiopsis ornata  Sangiar/sagiar tree food ARAs seedling  

56 Kananga odorata Kananga tree medicine 
HRAs, ARAs 

mature tree, pole, sapling 
and seedling 

57 Korthalsia hispida  Rotan ahas palm food, construction 
(houses) 

HRAs, ARAs 
 

58 Koompassia malaccensis Bengaris tree construction 
(infrastructure) 

ARAs 
pole, sapling 

59 Langerstroemia 
speciosa 

Muhur tree boat 
HRAs, ARAs 

mature tree, pole 
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No. Scientific Name Local Name 
Growth 

form 
Utilization 

Rattan 
agroforestry  

category 
(HRAs /ARAs) 

Type of tree (mature 
tree/pole/sapling/ 

seedling) 

60 Leea indica Mamali tree traditional ceremonies HRAs seedling 

61 Lepisanthes amoena Kenyem tree food HRAs, ARAs sapling  
62 Licania splendens Bintan tree climbing tree for rattan, 

construction 
(infrastructure) 

HRAs, ARAs 
mature tree, pole 

63 Lygodium microphyllum Uru tagetu shrub medicine material ARAs  

64 Lithocarpus conocarpus Pampaning tree fuel wood, climbing tree 
for rattan 

HRAs 
mature tree, pole  

65 Litsea sp Kayu sasah/Salah tree fuel wood ARAs pole, seedling 

66 Lophopetalum 
multinervium 

Perupuk tree construction, fuel wood 
ARAs 

seedling 

67 Macaranga madang Madang batu tree construction (houses and 
infrastructure) 

HRAs, ARAs 
mature tree 

68 Madhuca mottleyana  
 

Katiau tree fuelwood, latex 
HRAs, ARAs 

mature tree 

69 Mangifera caesa Binjai tree food HRAs mature tree 
70 Mangifera odorata Kuini tree food HRAs mature tree 

71 Melastoma 
malabathricum 

Sawang kelep shrub medicine 
HRAs, ARAs 

 

72 Mezzettia parviflora Karipak/Pisang-
pisang 

tree climbing tree for rattan, 
construction 

HRAs, ARAs 
mature tree 

73 Microcos sp.  Limping demek tree fuel wood ARAs sapling, seedling 

74 Morinda eliptica Mangkudu himba tree medicine HRAs sapling 

75 Neolamarckia cadamba Pilang tree the latex is used to trap 
birds, traditional 
ceremonies 

HRAs, ARAs 
mature tree, pole, seedling 
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No. Scientific Name Local Name 
Growth 

form 
Utilization 

Rattan 
agroforestry  

category 
(HRAs /ARAs) 

Type of tree (mature 
tree/pole/sapling/ 

seedling) 

76 Nephrolepis biserrata Beje behau fern unutilized ARAs  

77 Palaquium 
pseudorostratum 

Ketapi tree food 
ARAs 

mature tree  

78 Pandanus sp Rampiang grass  handicraft HRAs, ARAs  
79 Philodendron sp Tatapal tree fuel wood, construction 

material 
ARAs 

seedling  

80 Physalis angulata  Tisik peang shrub medicine HRAs  
81 Pilodendron mamei Muhau shrub medicine HRAs, ARAs  

82 Piper sp Tundai liana medicine, traditional 
ceremonies, construction 

HRAs 
 

83 Piper sp Uru patei uti shrub unutilized ARAs  

84 Planchonella  maingayi  Salapatau tree fuel wood, construction, 
floating material for fish 
net 

HRAs, ARAs 
mature tree, pole, sapling 
and seedling 

85 Polyalthia hypoleuc Banit tree fuel wood, construction 
(infrastructure) 

HRAs, ARAs 
mature tree, pole, sapling 
and seedling 

86 Pternadra sp. Kamasulan tree handicraft, cosmetics, 
medicine 

HRAs, ARAs 
mature tree, pole, sapling 
and seedling 

87 Scleria sumtranensis Pawah grass fodder HRAs  
88 Scorpiodes sp Tabaras tree fuel wood 

HRAs, ARAs 
mature tree, sapling, 
seedling 

89 Shorea albida Bawan/Meranti 
merah 

tree construction 
(infrastructure) 

HRAs, ARAs 
mature tree, sapling, 
seedling 

90 Shorea belangeran Kahui/Belangeran tree construction (houses and 
infrastructure), boat 

HRAs, ARAs 
mature tree, pole 

91 Stemonurus scorpioides Keput bajuku tree fuel wood HRAs, ARAs pole, seedling 



 70 

No. Scientific Name Local Name 
Growth 

form 
Utilization 

Rattan 
agroforestry  

category 
(HRAs /ARAs) 

Type of tree (mature 
tree/pole/sapling/ 

seedling) 

92 Stenochlaena palustris Kalakai fern food HRAs, ARAs  

93 Syzygium lineatum Galam tree construction 
(infrastructure) 

HRAs, ARAs 
seedling 

94 Syzygium malaccense Jambu agung tree food HRAs mature tree 
95 Syzygium sp Jambu burung tree birds’ food 

HRAs, ARAs 
mature tree, pole, sapling 
and seedling 

96 Syzygium  havilandii Tatumbu tree fuel wood 
HRAs, ARAs 

mature tree, pole, sapling 
and seedling 

97 Ternstroemia bancanus  Ueh batu/Kayu 
sulam 

tree medicine, birds’ food 
ARAs 

mature tree  

98 Ternstroemia magnifica Ueh  tree medicine HRAs, ARAs seedling 

99 Tetractomia tetrandra Sagagulang tree fuel wood HRAs, ARAs mature tree, pole, seedling 
100 Vitex pubescens Kaluan/Kalumbang tree boat, construction 

(houses), climbing tree 
for rattan 

HRAs, ARAs 
mature tree, pole 

101 Xantophyllum sp Kajajirak tree cosmetics, medicine 
HRAs, ARAs 

mature tree, pole, sapling 
and seedling 
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Kaluan (Vitex pubescen) was found to be the most important mature tree in HRAs with an 

Importance Value (IV) of 47% (Table 3).  Other species (Elaeocarpus mastersii, Arthocarpus 

sp, Diospyros sp and Haveabraziliencis) had IVs less than half of the IV of Vitex pubescen 

(17%). Among all the species listed in Table 4.5, only Rubber (Havea Braziliencis) does not 

originate from primary forest. Rubber has been cultivated by local farmers to produce latex 

since the 1800s. Beside rattan agroforestry, rubber agroforestry is the second major traditional 

land use in the Katingan regency. 

 

ARAs showed a similar pattern of importance value with HRAs. Of those mature trees species 

considered to be most important in ARAs (Table 4.5), four of the five species originate from 

primary forest. However, rubber (Havea braziliencis) had the highest IV score. Rubber thrives 

in rattan agroforests.  Kaluan (Vitex pubescen) which is the most important species in HRAs 

also has a high level of importance in ARAs. Half of the species ranked as important in HRAs 

were also important in ARAs. 

 

Pternadra sp.  was the species with the highest IV score among poles, representing 26.2% with 

Syzygium spand Elaeocarpus mastersii, 23.8% and 23.2% respectively. For poles, Havea 

braziliencis and Polyalthia hypoleuca were the most dominant species in ARAs, with IV scores 

of 43.8% and 42% respectively. These two IV scores were much higher than the IV scores of 

other species. HRAs and ARAs only share one common species of pole:  Dillenia excelsa.  

 

Elaeocarpus mastersii was the most important sapling species in HRAs with an IV value of 

50.7%. For ARAs   Havea braziliensis was the most important species among saplings (43.8%).  

HRAs and ARAs showed similar composition of saplings (Table 4.5).  

 

For HRAs, important seedlings were   Dillenia exelsa 17.8%, with Syzygium. havilandii and 

Pternadra sp,  14.9% and 12.9% respectively (Table 4.5). All species in HRAs with an IV 

value greater than 10% were trees.   The most dominant seedling in ARAs was Saraka, a shrub 

species that usually lives on the forest floor. Unlike seedlings in HRAs, only 50% of seedling 

(IV > 10%) were from trees; the remainder were shrub species. Havea brazilencis was 

important IV >10% in all vegetation criteria (tree, pole, sapling, and seedling). 
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Table 4.5. Vegetation in harvested rattan agroforestry and abandoned rattan agroforestry,  Tumbang Runen village, Central 

Kalimantan, June 2015-August 201 

 

 

No. 

Harvested Rattan Agroforestry Abandoned Rattan Agroforestry 

Scientific Name 
Density 

(stems/ha) 
Frequency 

Basal 

area 

(m2) 

Importance 

Value 

(%) 

Scientific Name 
Density 

(stems/ha) 
Frequency 

Basal 

area 

(m2) 

Importa

nce 

Value 

(%) 

 Mature Tree 

1 Vitex pubescen 16 0.6 1.6 47.0 Havea  braziliencis 21.7 0.33 1.87 29.78 

2 Elaeocarpus mastersii 10 0.3 0.8 18.0 Gluta wallichii 16.7 0.33 1.47 24.1 

3 Artocarpus sp 5 0.3 0.9 17.5 Diospyros sp 10 0.2 1.55 18.08 

4 Diospyros sp 10 0.3 0.9 17.2 Vitex pubescen 10 0.4 0.57 16.67 

5 Havea  Barziliencis 10 0.2 0.7 14.5 Gluta velutina 8.3 0.2 1.28 15.68 

Pole 

1 Pternadra sp.  26.7 0.3 0.5 26.2 Havea  braziliencis 53.3 0.27 0.88 43.8 

2 Syzygium sp  26.7 0.2 0.5 23.8 Polyalthia hypoleuca  46.7 0.27 0.89 42.0 

3 Elaeocarpus mastersii 26.7 0.3 0.3 23.1 Syzygium . havilandii 40 0.27 0.46 31.8 

4 

Planchonella  

maingayi 20 0.2 0.4 19.2 Dillenia excelsa 20 0.13 0.32 17.6 

5 Dillenia excelsa 20 0.2 0.3 18.3 Cinnamomum sintok  13.3 0.13 0.34 15.8 
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No. 

Harvested Rattan Agroforestry Abandoned Rattan Agroforestry 

Scientific Name 
Density 

(stems/ha) 
Frequency 

Basal 

area 

(m2) 

Importance 

Value 

(%) 

Scientific Name 
Density 

(stems/ha) 
Frequency 

Basal 

area 

(m2) 

Importa

nce 

Value 

(%) 

Sapling 

1 Elaeocarpus mastersii 240 0.1 0.8 50.7 Havea  braziliencis 186.7 0.2 0.72 46.3 

2 Havea  barziliencis 107 0.3 0.3 31.7 Syzygium  havilandii 106.7 0.27 0.52 36.7 

3 Pternadra sp 80 0.2 0.4 27.6 

Planchonella  

maingayi 106.7 0.2 0.50 32.8 

4 Morinda eliptica 80 0.2 0.3 24.4 Pternadra sp 80 0.2 0.03 26.4 

5 

Planchonella  

maingayi 80 0.2 0.3 24.3 Polyalthia hypoleuca  80 0.13 0.25 20.9 

Seedling 

1 Dillenia excelsa  4167 0.5  178 Euthemis leucarpa  9000 0.53  17.78 

2 Syzygium havilandii 3000 0.5  14.9 Pilodendron mamei 9000 0.33  14.94 

3 
Pternadra sp 3000 0.3  12.1 

Elaeocarpus 

acmocarpus  5333 0.33  12.08 

4 
Buchanania 

arborescens  2333 0.3  10.5 Havea braziliencis 6166 0.27  10.45 

5 Lepisanthes amoena 1833 0.4  10.2 Syzygium havilandii 5500 0.33  10.18 
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The means (per plot) of density, number of species, Shannon diversity index, Margalef 

diversity index and evenness index of mature trees (> 20 cm DBH) were similar between 

HRAs and ARAs (Table 4.6). The basal area of trees was the only variable that was 

significantly higher in ARAs compared with HRAs. 

 

Table 4.6. Comparison of vegetation parameters for mature trees in harvested and 

abandon rattan agroforestry, Tumbang Runen village, Central 

Kalimantan, June 2015-August 2015. Data are means + SE. Significance 

level of t test is 95%, significant difference indicated by *** 

 

  

Harvested 

Rattan 

Agroforestry 

(n=3) 

Abandoned 

Rattan 

Agroforestry 

(n=3) 

t test 

Basal area (m2/0.2 ha) 
2.4 ±0.2 3.8 ±0.6 

t=-16.12, p< 0.001 

*** 

Density (stems/0.2 ha) 
36.3 ±0.9 35.0 ±3.8 t= 0.34, p = 0.75 

Number of species 
16.7 ±3.0 16.3 ±2.2 t=0.09, p = 0.75 

Shannon Diversity 

Index 2.6 ±0.2 2.5 ±0.2 t=0.27, p = 0.80 

Margalef Diversity 

Index 4.4 ±0.9 4.3 ±0.5 t=0.06, p = 0.45 

Eveness Index 
0.9 ±0.0 0.9 ±0.0 t=0.81, p = 0.47 

 

Diameters (at breast height) of mature trees in ARAs were significantly greater than those 

in HRAs. HRAs had more trees with diameters 30-40 cm and 40-50 cm than ARAs, but 

ARAs had a higher number of trees with diameter 50-60 cm. HRAs had no trees with 

diameters greater than 60 cm, whereas ARAs had three trees with diameters 60-70 cm, one 

tree with diameter 70-80 cm and two trees with diameters 80-90 cm. HRAs and ARAs had 

similar numbers of trees of diameter 20-30 cm (Figure 4.7). 
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Figure 4.7. Distribution of class diameter of tree from harvested and abandoned rattan 

agroforestry 

 

 

Table 4.7. Comparison of vegetation parameters for poles in harvested and abandoned 

rattan agroforestry, Tumbang Runen village, Central Kalimantan, June 

2015-August 2015. Data are means + SE. Significance level of t test is 95% 

 

Harvested 

Rattan 

Agroforestry 

(n=3) 

Abandoned Rattan 

Agroforestry (n=3) 
t test 

Basal area (m2) 0.3 ± 0.1 0.3 ± 0.1 t=0.10, p = 0.93 

Density (stems/0.05 ha) 15. 7 ± 3.8 16.3 ± 5.2 t= -0.10, p = 0.92 

Number of species 11.0 ± 2.3 9.3 ± 2.0 t=0.54, p= 0.62 

Shannon Diversity Index 2.2 ± 0.1 1.9 ± 0.1 t=1.04, p = 0.36 

Margalef Diversity Index 3.7 ± 0.6 3.0 ± 0.3 t=0.91, p = 0.42 

Eveness Index 0.9 ± 0.0 0.9 ± 0.0 t=0.42, p = 0.70 

 

In terms of vegetation structure (basal area and density), poles and sapling exhibited no 

significant differences between HRAs and ARGs. Diversity indices (number of species, 

Shannon diversity index, Margalef Index) did not differ among rattan agroforestry types. 

The distribution of poles and sapling in HRAs and ARGs were similar (Tables 4.7 and 4.8).  
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Table 4.8. Comparison of vegetation parameters for saplings in harvested and 

abandoned rattan agroforestry, Tumbang Runen village, Central 

Kalimantan, June 2015-August 2015. Data are means + SE. Significance 

level of t test is 95% 

 

  

Harvested Rattan 

Agroforestry 

(n=3) 

Abandoned 

Rattan 

Agroforestry 

(n=3) 

t test 

Basal area (m2) 0.1 ± 0.0 0.1 ± 0.0 t =3.29, p = 0.76 

Density (stems/0.0125 ha) 11.7 ± 5.2 12.0 ± 4.6 t = -0.05, p= 0.96 

Number of species 6.6 ± 2.7 7.0 ± 2.1 t = -0.10, p = 0.92 

Shannon Diversity Index 1.6 ± 0.3 1.7 ± 0.3 t = -0.13, p = 0.91 

Margalef Diversity Index 2.3 ± 0.6 2.8 ± 0.2 t = -0.78, p = 0.48 

Evenness Index 1.0 ± 0.0 1.0 ± 0.0 t = 0.07, p = 0.95 

 

 

Means of seedling density in ARAs were higher than in HRG, 128.7 stems/0.002 ha in ARAs 

compared with 91.3 stems/0.002 ha in HRAs (p< 0.05). Other vegetation metrics were 

similar among HRAs and ARAs except for evenness which was significantly higher in 

ARAs (Table 4.9).  

 

Table 4.9. Comparison of vegetation parameters for seedlings in harvested and 

abandoned rattan agroforestry, Tumbang Runen village, Central 

Kalimantan, June 2015-August 2015. Data are means + SE. Significance 

level of t test is 95%, significant difference indicated by  * = p < 0.05 ** = p 

< 0.01  

 

  

Harvested 

Rattan 

Agroforestry 

(n=3) 

Abandoned 

Rattan 

Agroforestry 

(n=3) 

t test 

Density (stems/0.002 ha) 
91.3  ± 5.2 128.7  ± 12.6 t = -2.75, p< 0.05 * 

Number of species 
19.3  ± 1.2 20.3  ± 3.8 t = -0.25, p =0.82 

Shannon Diversity Index 
2.6  ± 0.1 2.3  ± 0.2 t = 1.41, p =0.23 

Margalef Diversity Index 
4.1  ± 0.2 4.0  ± 0.8 t = 0.07, p = 0.95 

Evenness Index 
0.9  ± 0.0 0.8  ± 0.0 t = 4.19, p < 0.01 ** 
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4.4.2. Above Ground Carbon Stock 

 

The average above ground carbon (AGC) stock across all six rattan agroforestry sites was 

110.7 Mg/ha. Trees contributed the biggest proportion of total AGC.   Less than 10% of the 

AGC was contributed by rattan, litter, and understorey vegetation (Figure 4.8). 

 

 

Figure 4.8. Composition of above ground carbon (AGC) in rattan agroforestry, 

Tumbang Runen Village Central Kalimantan, June – August 2015. 

 

For litter, the carbon stock was 3.4 Mg/ha, ranging from 2.6 Mg/ha (plot 8 HRAs) and 4.7 

Mg/ha (plot 2 ARAs). Mean understorey carbon stock was estimated to be 1.3 Mg/ha 

ranging from 0. 9 Mg/ha (plot 2 ARAs) to 1. 7 Mg/ha (plot 5 HRAs and 7 ARAs). Average 

carbon in trees was estimated to be 104.9 g/ha and in rattan it was 1.1 Mg/ha (Figure 4.9).  
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Figure 4.9. Mean carbon stock in each component in rattan agroforestry (n=6), 

Tumbang Runen village, Central Kalimantan, June – August 2015.  Data 

are means + SE. The Y axis is logarithmic 

 

The mean tree carbon stock in ARAs and HRAs were similar (Table 4.10). Carbon stocks 

for rattan, litter, and understorey vegetation were also similar. Mean carbon stocks for rattan 

in HRAs was 1.2 Mg/ha and 1.0 Mg/Ha in ARAs.  Means of carbon stocks for litter in HRAs 

were 81.9% of those measured in ARAs.  

 

Table 4.10.  Comparison of carbon stock for each component in harvested and abandon 

rattan agroforestry, Tumbang Runen village, Central Kalimantan, June 

– August 2015. Data are means + SE. Significance level of t test is 95% 

 

Harvested 

Rattan 

Agroforestry 

(n=3) 

Abandoned 

Rattan 

Agroforestry 

(n=3) 

t test 

Carbon of tree (Mg/ha) 72.6  ± 17.7 137.2  ± 23.2 t= -2.22, p= 0.09 

Carbon of rattan (Mg/ha) 1.2  ± 0.1 1.0  ± 0.1 t = 1.56, p= 0.20 

Carbon of litter (Mg/ha) 3.1  ± 0.5 3.7  ± 0.5 t = -1.01, p = 0.37 

Carbon of understorey 

(Mg/ha) 1.5  ± 0.1 1.1  ± 0.2 t = 2.03, p = 0.11 

Total above ground Carbon 

(Mg/ha) 78.3  ± 17.8 143.0  ± 0.1 t = -2.24, p = 0.09 

 

Above ground carbon stocks in oil palm plantations ranged from 1.3 Mg/ha to 1.5 Mg/ha, 

with a mean of 1.4 Mg/ha. Most carbon (98%) was contained in understorey vegetation, the 

1.00

10.00

100.00

1000.00

Tree Rattan Litter Understorey

A
v
er

a
g
e 

c 
st

o
ck

 (
M

g
/h

a
)

Carbon stock component 



 79 

remainder in oil palm trees.  Based on these data above, conversion from rattan agroforestry 

into oil palm plantation decreased above ground carbon stock (AGC) by 98.7%, from a mean 

of 110.7 Mg/ha to   1.39 Mg/ha (Figure 4.10).  

 

 

Figure 4.10. Comparison of above ground carbon stock in rattan agroforestry and Oil 

palm plantation.  Data are means (n = 3) + SE. The Y axis is logarithmic 

 

 

4.4.3. Litter and Root Biomass 

 

Litter thickness in HRAs (range 0.6 cm to 3.7 cm) was similar to that in  ARAs  (range  1.0 

cm to 3.4 cm). Statistical analysis (t test) shows that there was no significant difference in 

litter thickness between ARAs and HRAs (t= - 1.57 and p= 0.19) (Figure 4.11). The amount 

of litter in oil palm plantation was very small (only 4-5 pieces in 0.025 m2).   
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Figure 4.11. Litter thickness in study site of rattan agroforestry.  Data are means + SE, 

(n=10) 

 

Litter biomass contributed more to the total above-ground biomass in rattan agroforestry 

compared with rattan and understorey components. About 3.9% of total above ground 

biomass was from litter (Figure 4.8). However, there was no significant difference in litter 

biomass between ARAs and HRAs (Table 4.11). Surface root biomass also showed a similar 

trend (Table 4.11).  

 

Table 4.11. Comparison of litter thickness, litter biomass and surface root biomass in 

harvested and abandoned rattan agroforestry, Tumbang Runen village, 

Central Kalimantan, June – August 2015. Data are means + SE. 

Significance level of t test is 95% 

 

 Harvested 

Rattan 

Agroforestry 

(n=3) 

Abandoned 

Rattan 

Agroforestry 

(n=3) 

t test 
Oil palm 

Plantation 

Litter thickness 

(cm) 

1.7 ± 0.2 2.3  ± 0.3 t= -1.57, p= 0.19  

Litter biomass  

(gram/ m2) 

6668± 430 8146 ± 647 t= -1.010, p= 0.37  

Surface root 

biomass 

(gram/m3) 

14240 ± 640 11840 ± 160 t= 3.72, p= 0.02 * 4000±800 
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4.5. Discussion  

4.5.1. Habitat Provision 

 

In general, there were no significant differences between abandoned and harvested rattan 

agroforestry regarding the structure and composition of the vegetation. The density, number 

of species, Shannon diversity index, Margaleff Diversity index, and evenness index were 

similar in both types of rattan agroforestry. The sampling intensity of my study may have 

limited statistical power such that differences between ARGs and HRGs were not detected. 

If the sampling intensity had been greater, significant differences in forest composition may 

have been found.  Also, human intervention (weeding and pruning) in harvested rattan 

agroforestry was not intensive possibly explaining the similar composition and vegetation 

structure among rattan agroforestry.   

 

Despite these possibilities, my findings are consistent with a previous study by Widayati and 

Carlisle (2012) in Buton Indonesia which showed that rattan harvesting had only a minor 

impact on forest structure and diversity. 

 

Similarities between the abandoned and harvested rattan agroforestry in my study can be 

attributed to a low harvesting intensity and the low impact of cultivation activities in the 

HRA plots. In a five-year period, rattan was only harvested twice. Usually, farmers only 

harvest the mature rattan and leave the young rattan for the next harvest period. Maintenance 

activities following the harvest include weeding around the rattan cluster and thinning trees 

with heavy canopies to allow sunlight to reach the growing rattan. This cultivation technique 

allows natural succession and results in limited impacts on vegetation structure and 

composition.  

 

The basal area of mature trees in ARGs was significantly greater than in HRGs. This could 

be due to the removal of big trees (to provide light for rattan) as practiced by farmers in 

HRGs. For HRGs, seedlings were distributed more evenly. This may reflect the greater light 

availability in harvested rattan forests through removal or thinning of large trees providing 

germination opportunities for seeds. 
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I have shown that rattan agroforestry in Tumbang Runen village has high biodiversity 

compared with other land uses and compared with similar forests from other locations. 

Rattan agroforestry hosted a greater number of species (101 species) than similar 

agroforestry systems in Kalimantan such as rubber agroforestry (73 species) (Ihalainen, 

2007), and Tembawang agroforestry (22 species) (Sumaharani & Kalima, 2015) (Table 

4.12).  

Table 4.12. Comparison of plant biodiversity in rattan agroforestry and other land 

use systems  

Land-use system/land cover Number 
of species 

Reference 

Ecotourism forest, East Sumatra 18 Bakri, 2009 

Peat swamp forest, Sebangau National Park 133 Nugroho, 2011 

Leuser National Park, Sumatra 159 Susilo, 2004 

Rubber agroforestry, East Kalimantan 73 Ihalainen, 2007 

Tembawang agroforestry, East Kalimantan 22 Sumaharni & Kalima, 2015 

Tembawang agroforestry, West Kalimantan 97 Ripinet al., 2014 

Mix farming agroforestry,  39 Widiarsi & Prajadinata, 2008 

Home garden, Bangladesh 91 Bardhan et al., 2012 

Cultivated coffee, Mexico 33 Asteggiano, 2008 

Coffee agroforestry, Sumatra 88 Valencia et al., 2014 

Rattan agroforestry 101 Present study 

 

 

Land use systems listed at table 4.12 are similar in operation to rattan agroforestry. All are 

established on land previously used for rice crops (following slashing and burning of the 

original forest). After two or three years of rice cultivation, farmers plant commercial 

commodities; rattan in rattan agroforestry, rubber in rubber forests, and mixed fruit trees in 

tembawang agroforestry. Differences relate to the intensity of the maintenance system. In 

rubber forests and tembawang agroforestry maintenance involves clearing other trees which 

compete with rubber or fruit trees. Since rattan requires trees on which to climb, tree clearing 

in rattan agroforestry is much less intensive, with only those large trees that shade the rattan 

removed.  
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The high diversity of vegetation in rattan agroforestry reflects relatively benign human 

interventions. Although some trees are removed to reduce shading, I found many trees with 

diameter greater than 50 cm in rattan agroforestry. Some large trees have high economic 

value, including medicinal plants, while others have cultural importance (see chapter V and 

VI).    

 

Garcia-Fernandez & Casado (2005) in their assessment of benzoin (an aromatic resin 

extracted from Styrax paralleloneurus) and rattan agroforestry in Indonesia concluded that 

the composition and structure of vegetation in agroforestry systems are driven by natural 

succession processes and human intervention. Natural succession contributes to species 

diversity and forest cover.   

 

Comparison of the plant list generated in this study with the palnt list for Sebangau National 

Park (Nugroho, 2011) showa that vegetation species richness in rattan agroforestry included 

more than 75% of species found in adjacent natural forest (Sebangau National Park). 

Incorporating forest conservation with productive land use systems offers opportunities to 

maintain or increase regulating services in forest ecosystems while also providing economic 

returns to local communities.   

 

Rattan agroforestry also provides habitat for fauna.  A study by P2RK (2015) in rattan 

agroforestry in three villages in the Katingan regency (including Tumbang Runen) found 62 

bird species from 29 families, and 20 mammal species from 12 families. Some animals found 

in rattan agroforestry include vulnerable species, for example, Horsefield’s Tarsier (Tarsius 

bancanus borneansus), sun bear (Helarctos malayanus), Sunda clouded leopard (Neofelis 

diardii), and bearded pig (Sus barbatus). Endangered species inhabiting rattan agroforestry 

include Orangutan (Pongo pygmaeus wurmbii), Ungko or Bornean white-bearded gibbon 

(Hylobates albibarbis), and Bekantan or proboscis monkey (Nasalis larvatus).  

 

4.5.2. Above Ground Carbon Stock 

 

Besides habitat provision, rattan agroforestry also contributes to climate regulation services 

through removing carbon from the atmosphere in deposits as plant biomass and necromass. 

Carbon stocks recorded in rattan agroforestry were higher than those reported in other 

agroforestry systems in Indonesia (Table 4.13) such as mixed agroforestry in Sumatra 
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(Rusalono 2006), and coffee agroforestry and traditional rattan agroforestry in Bogor (Yuli 

2003).    The retention of mature trees is the main contributor to carbon stocks in rattan 

agroforestry.   

 

  Table 4.13.  Comparison of carbon stock in rattan agroforestry and other land use    

systems 

No. Land use system/land cover 
Carbon 

(Mg/ha) 
Reference 

1 Protected forest, East Kalimantan  211.9 Nugroho, 2011 

2 Agroforestry, Bogor   80.8 Yuli, 2003 

3 Coffee agroforestry, Tambling Wild 

Live Nature Conservation 

64.0 Prasetyo et al., 2011 

4 Mixed agroforestry Sumatera,  70.8 Rusalono, 2006 

5 Rattan agroforestry 110.7 Present study 

 

Carbon stocks in trees contributed more than 90% of the total AGC in rattan agroforestry. 

This result indicates that trees play an important role in climate regulation by absorbing CO2 

from the atmosphere. Even though rattan is the main product of rattan agroforestry, rattan 

contributed only a small proportion of total AGC compared with other components (litter, 

understorey vegetation, trees).  

 

The similarity of HRGs and ARGs in AGC suggests that harvest practices by rattan farmers 

does not influence carbon sink processes. Weeding of rattan clusters and the thinning of 

trees evidently cause relatively low impacts to the biomass of the tree, understorey 

vegetation, and litter.  

 

I found that the conversion of rattan agroforestry into oil palm plantation caused a major 

decrease in AGC. AGC declined from an average of 110 Mg/ha in rattan agroforestry to 1 

Mg/ha in oil palm plantations. For oil palm plantations, all vegetation in rattan agroforestry 

including trees, lianas, ferns, and shrubs are removed and replaced by oil palm.  

 

Carbon stocks in agroforestry are influenced mainly by agroforestry management (e.g. 

maintenance system, cultivation systems), ecological conditions (e.g. soil condition, climate, 

geographical condition, and rain fall) (Schmitt-Harsh et al., 2012). However, social factors 



 85 

(e.g. customs, livelihoods, social norms) also play an important role in carbon sequestration 

in traditional land use system such as agroforestry. In complex agroforestry and in tropical 

forests, carbon stored as biomass depends primarily on species composition (Bunker et al., 

2005). Thus, there is a strong relationship between carbon stock and biodiversity (Hatanaka 

et al., 2010). Furthermore, from an ecological perspective, biodiversity and the capacity to 

retain carbon within agroforestry depends on vegetation structure, age, and species 

composition (Montagnini & Nair, 2004). As with coffee agroforestry, where non-coffee 

biomass contributes to most of the above ground biomass, the non-rattan component 

accounted for 98.5% of the above ground biomass in rattan agroforestry.  

 

Although rattan agroforestry is developed from slash-and-burn agriculture practices, a long 

fallow period means that rattan agroforestry re-accumulates carbon. Forest clearing and 

burning is estimated to result in the loss of 220 Mg/ha of carbon (Kotto-Same et al., 1997). 

However, following the initial burning to prepare rattan agroforestry, carbon accumulates at 

rates of 1.7 Mg/ha increasing to 22.4 Mg/ha after 4 years fallow (van Noordwijk et al., 2008). 

Annual sequestration of carbon in smallholder slash-and-burn fallow systems is 0.3 – 3.7 

Mg/ha/year (Tschakert et al., 2007).  

 

4.5.3. Soil Erosion Control 

 

Litter thickness in rattan agroforestry is comparable with litter thickness in other forested 

areas. Average litter thickness in HRGs was 1.7 cm and 2.3 cm in ARGs. This finding is 

comparable with litter thickness in pine forests (1.6 cm) and rainforests (1.4 cm) in the 

Canary Islands, Spain (Neris et al., 2013); and in natural deciduous forests (2.8 cm) and 

mixed plantations (3 cm) in China (Rao & Zhu, 2007). Litter thickness is a good indicator 

of soil erosion prevention. Litter allows rainfall to percolate into the soil and to prevent it 

from evaporating, or flow as surface runoff (Barrientos, 2000). Litter also provides habitat, 

protection and food for forest floor faunal communities (Barrientos, 2000). Comparable 

values of litter thickness of rattan agroforestry with other forested areas indicates that rattan 

agroforestry provide similar functions in soil erosion control to other forest types. The 

importance of rattan forests in preventing soil erosion is substantial considering the riparian 

location of rattan agroforestry. Prevention of soil erosion also prevents harmful deposition 

of sediment into river systems.  
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Litter in ARAs was similar with litter in HRAs. This finding reflects the similarity of 

vegetation structure and composition between ARAs and HRAs. Litter is formed by dead 

leaves, branches, and twigs of trees, and other fragmented organic material (Sato et al., 

2004). Litter thickness is directly linked to tree density, and also represents the amount of 

carbon stored in the system (Kaspari & Yanoviak, 2008; Sayer, 2005).  

 

The surface root biomass in oil palm plantations was significantly lower than in rattan 

agroforestry, suggesting that oil palm plantations have greater vulnerability to soil erosion. 

Lower surface biomass in oil palm plantations also indicates lower soil porosity and weaker 

soil aggregation that could lead to greater surface run off and soil erosion. Lower surface 

root biomass in oil palm plantations is associated with low plant biodiversity.  

 

In broader conservation contexts, agroforestry has been widely recognized as a tool for 

conservation as it provides an integrated approach for sustainable land use.  The co-

occurrence of   environmental values and production benefits are key characteristics of 

agroforestry (Schroth & McNeely, 2011).  By accommodating the need for food, timber, 

fibre, fodder, and other important products, agroforestry provides an alternative to 

deforestation and to forest degradation (Dixon, 1995; Dixon et al., 1993; Schmitt-Harshet 

al., 2012; Schroth et al., 2004).  Biodiversity and other ecosystem services present in rattan 

agroforestry are in stark contrast to the absence of these ecosystem services in oil palm 

plantations.    

 

The maintenance of rattan agroforestry, which include riparian zones in areas dominated by 

oil palm plantations and timber concessions, creates corridors for important species 

including vulnerable and/or endangered species listed above.  Furthermore, rattan 

agroforestry provides buffer zones for surviving pockets of natural forest which can protect 

fauna from the impacts of deforestation and forest fire. Hotspot mapping, related to forest 

fire prevention, conducted by P2RK (2015) showed that only a small number of hotspots 

appeared in rattan agroforestry areas in contrast to oil palm plantations (Figure 4.12).  
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Figure 4.12. Hotspot distribution around rattan agroforestry in Kamipang sub-district  
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CHAPTER V 

CULTURAL ECOSYSTEM SERVICES 

 

5.1. Introduction 

5.1.1. Cultural Ecosystem Services  

 

This Chapter presents the cultural importance of rattan agroforestry, exploring how the local 

community in Tumbang Runen values their rattan forests and where rattan agroforestry is 

held in their social system. The previous Chapter addressed the ecological aspects of rattan 

agroforestry, describing the delivery of regulating services including biodiversity, climate 

regulation services, and soil erosion prevention. This Chapter presents the contribution of 

rattan agroforestry to cultural ecosystem services for forest-dependent communities. 

Cultural ecosystem services evaluated in this Chapter focus on spiritual values, heritage 

values, and traditional knowledge values. The relevance of cultural ecosystem services in 

relation to conservation initiatives and the promotion of sustainable land use systems is also 

discussed.  

 

The MA (2005) defines cultural ecosystem services (as “nonmaterial benefits people obtain 

from ecosystems”; and considers such benefits to include “cultural diversity, spiritual and 

religious values, knowledge systems, educational value, inspiration, aesthetic values, social 

relation, sense of place, cultural heritage values, recreation and ecotourism” (MA, 2005, 

p.40). While this is a widely accepted definition of cultural ecosystem services, it is 

considered to be a “coarse” definition (Chan et al., 2012) because it does not characterise 

how other considerations in decision making (economic, livelihood, social interaction) could 

change the perceptions of non-material benefits (Chan, Satterfield, & Goldstein, 2012; Lado, 

2004). Emphasizing the psycho-social aspect of the connection between humans and nature, 

King (2012) redefined cultural ecosystem services as “the way that humans use discourse to 

construct and communicate perceptions of nature”. Thus, cultural services derived from 

ecosystems include intangible and subjective aspects such as memory and heritage values. 

Cultural ecosystem services are services that provide benefits with a contextual or relative 

value (Chan et al., 2012; Daniel et al., 2012; King, 2012) which may depend on local cultures 

and social-economic backgrounds. For some communities, a forest may be a source of 

income, for others it could be a sacred place (Daniel et al., 2012; King 2012). 
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Policies related to natural resource management and development often neglect the 

importance of cultural ecosystem services for local communities. While there is often a clear 

focus on maximizing economic benefits, the nonmaterial values of ecosystems for local 

people are often disregarded (Chan et al., 2012; Daw et al., 2011; Hendee, 2011).  This 

oversight could lead to the disappearance of cultural values such as local knowledge, sense 

of belonging and cultural identity that are all deeply embedded in the ecosystem. Unlike 

some other ecosystem services, cultural ecosystem services, once lost, cannot be replaced 

by alternatives. For example, if a sacred place is destroyed, it cannot be replaced.  In contrast, 

if a source of fresh water is destroyed, an alternative source of water can be found; or water 

can be brought in from elsewhere. In the latter example, it is the water rather than the source 

that is important.  Infield & Morse-Jones (2014) characterize cultural ecosystems services 

as “unique to their location and valued in ways that are specific to individuals, communities 

and cultures”. The sense of belonging and sense of connectivity to a specific place cannot 

be substituted with another landscape (Brown & Neil, 2011; Infield et al., 2015; Voora & 

Barg, 2008). Including an evaluation of cultural ecosystem services in development plans is 

likely to enhance human wellbeing (Infield et al., 2015; Plieninger et al., 2015). An 

appreciation of cultural services can also support initiatives such as integrated conservation 

and payment for environmental services (Chan et al., 2012). 

 

Cultural ecosystem services arise from “reciprocal exchange between humans and 

ecosystems” (King, 2012). Human activities influence the environment, sometimes to a large 

extent. At the same time, natural ecosystems also shape human cultures and determine their 

wellbeing. In this sense, culture is a key factor in which knowledge and practices related to 

management and the use of the environment evolve to meet human needs (Von Heland & 

Folke, 2014).  

 

The relationship between humans and nature is better understood through culture since a 

given cultural background determines the value of nature and the type of cultural ecosystem 

service (Infield & Morse-Jones, 2014, MA, 2005; Von Heland & Folke, 2013). Benefits or 

values that people obtain from the environment vary depending on factors such as 

geography, demography, the condition of the ecosystem, and society/culture of the people 

who live within it (De Grootet al., 2002; Zoderer et al., 2016). In this sense, culture is a key 

factor in which knowledge and practices related to management and the use of the 

environment evolve to meet human needs (Von Heland & Folke, 2013). Therefore, studies 
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related to culture and how its dynamics affects environmental utilization are important 

(Fletcheret al., 2014; Pleasant et al., 2014).  

 

5.1.2. Cultural Background 

 

The general name of the indigenous people inhabiting the island of Borneo is Dayak.  Dayak 

people have lived in Borneo for more than 40,000 years (Jessup & Vayda, 1988). Other than 

Dayaks, Borneo is home to many other ethnic groups including Javanese, Banjarese, and 

Madurese people.  Dayak means “people of the upstream” (Joshi et al., 2004b). Originally 

the term Dayak was used by Europeans to distinguish the non-Malay inhabitants from Malay 

residents. The diversity of Dayak people is high. More than 50 ethnic groups, (speaking 

different languages) are  included in the Dayak tribe (Baier, 2007). Each ethnic group has 

their own culture, custom, territories, law, and specific language dialect (Courtney-Mercer, 

2014). The high diversity in culture and languages correlates with the diversity of ecological 

conditions, geography, and traditional knowledge (WWF, 2013). Geographical conditions, 

especially rivers, have shaped the culture of Dayak people. They classify and identify 

themselves according to the name of the river where they live (Steckman, 2011).  

 

The spiritual value of rattan agroforestry for the Dayak people relates to their belief systems 

which are based on their traditional religion Kaharingan. Kaharingan means "living", "a 

source of life stemming from God”. It is based on an understanding that human life is created 

and sustained only when people are living in harmony with God the creator (Ranying Hattala 

Langit), the community, and nature. The respect for nature is embedded in Dayak rituals and 

ceremonies. For example, before they cultivate an area of forest, Dayak people will ask 

permission from Raying Hattala Langit and other spirits by giving an offering. Offerings are 

also a symbolic replacement for what they took from nature (Baier, 2007).  

 

In Kaharingan, the tree of life (Batang Garing) is a symbol of harmony and life. The 

philosophy of Batang Garing describes the integration of Dayak peoples’ life with nature. 

This has an influence not only on their spiritual lives but also on their way of living, 

including cultivation systems such as agroforestry. In swidden agriculture, a patch of forest 

is cleared and planted with rice and other crops for several years.  Following cropping, the 

cultivated patch of forest is left to recover for several years (WWF, 2013) . 
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Even though the Dayak people comprise many different ethnic groups and hundreds of sub-

tribes, they share many similarities. Dayaks have similar livelihood systems such as swidden 

agriculture (ladang), hunting, fishing, and gathering forest products. Traditionally Dayaks 

live in longhouses, huma betang, which are built from timber and extend from 75 to 150 

meters in length.  They stand above the ground on wooden pillars. The architecture of the 

longhouse reflects its historic functions in  defence from other tribes and protection from 

flooding and mosquitoes (WWF, 2013) .  

 

Social structure, interactions between individuals, and roles in the community are initially 

formed in the longhouse. Longhouses provide a centre for traditional ceremonies and 

economic activities. They foster a spirit of solidarity and are the location for various 

celebrations ranging from  success with hunting to  a new birth (Courtney-Mercer, 2014; 

Riwut, 1958). However, few Dayak communities now live in long houses.  Rather, they live 

in a house with their extended family.  

 

The Ngaju Dayak ethnic group is the largest ethnic group in Central Kalimantan. This ethnic 

group inhabits large areas included in the four main watersheds of Central Kalimantan: the 

Barito, the Kapuas, the Kahayan, and the Mentaya watershed. All communities classified as 

Ngaju Dayak speak Ngaju language. The Ngaju language interprets Dayak as lewu te puna 

da’ak or village with scarce people. Ngaju means ikey dumah bara ngaju dia bara ngawa, 

or “ you're coming from upstream, not from downstream."  (Steckman, 2011). 

 

In Dayak culture, a river is an inseparable part of their daily lives. Since most Dayak 

communities are located on the river bank, rivers play an important role in Dayak culture. 

Local communities use rivers for transportation, bathing, toileting, washing, and fishing. 

Many villages in Central Kalimantan are only accessible by river. The river is also used as 

the main reference to describe position and direction. Dayak people use directional terms 

murik, go upstream or masuh to go downstream. Within the village they use the term muhum 

ka penda/ngiwa or go toward/near the river and ka ngambu/mandaiakan hunjun if someone 

goes up the river. They also use term Tumbang to describe the location of the mouth of the 

river or the confluence of two rivers (Riwut, 1958). 

 

Originally, the livelihoods of Dayak people were based on hunting and collecting forest 

products such as fruit, honey, latex, resin-scented wood, and nuts. Some of these activities 
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are still practiced, but the introduction of logging concessions and development of mining 

has changed the livelihoods of people in central Kalimantan. Such changes in livelihoods 

have had substantial impacts on forest ecosystems (and customary uses). 

 

The customary interaction with nature by Dayak people brings traditional ecological 

knowledge including about the functions of various plants (fruits, vegetables, fibre, and 

medicine) and their regeneration potential. Traditional Dayak knowledge is a crucial part of 

sustainable natural resource management (Joshi et al., 2004b).  

 

Traditional knowledge refers to local knowledge that specifically attaches to particular 

cultures or groups within a particular historical and social context (Philip, 2015). It stems 

from a long and intimate relationship with nature. In turn, traditional knowledge can 

contribute to social-ecological resilience, encourage sustainable natural resource 

management, and help conserve biodiversity (Agarwal 2001, Colding et al., 2003, Mishra et 

al., 2003; Berkes 2007; Grant & Berkes 2007; Rai 2007).  

 

 “Goods derived from formal and informal knowledge systems developed by 

different cultures; subject matter for education, knowledge and research; 

meeting the need for understanding; opportunities for outdoor learning 

where observation, experience and experimentation leads to increased 

ecological knowledge and enhanced connectedness to nature; positive 

relationships with nature based on experience and knowledge; motivating 

more sustainable ecosystem management; enhanced knowledge for other 

disciplines through improved cognitive outcomes, increased enjoyment of 

education, better behaviour and improved working conditions”  

(Infield, et al., 2015). 

 

 

 

5.2. Methodology 

5.2.1. Conceptual Framework 

 

I used the concept developed by Infield et al. (2015) in a model known as Guidance for the 

Rapid Assessment of Cultural Ecosystem Services (GRACE) (Figure 5.1 and Table 5.2). 
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This model defines cultural ecosystem services  as “the environmental spaces (e.g. forests, 

deserts, seascapes, farmlands, gardens) and cultural practices (e.g. creating and expressing, 

producing and caring, playing and praying) that together give rise to the experience of 

valued material and non-material benefits” (Infield et al., 2015). This interaction between 

environment, cultural practices, and cultural ecosystem benefits is illustrated in Figure 5.1 

 

Source: Infield et al. (2015) 

Figure 5.1. Interaction between environmental spaces, cultural practice and cultural 

ecosystem benefits  

 

I used a qualitative case study research design to examine the cultural ecosystem services 

provided by cultivated rattan gardens in Tumbang Runen. Creswell (2007) defined case 

study research as “qualitative research in which the investigators explore a bounded system 

(a case) or multiple bounded systems (cases) over time, through detailed, in-depth data 

collection involving multiple sources of information (e.g. observations, interviews, audio-

visual materials, and documents and reports), and report a case description and case-based 

themes”.  

 

The complexity of cultural value was examined by capturing multiple perspectives from 

various respondents. The perceptions, thoughts, and feelings of local people with regard to 
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rattan agroforestry were evaluated with in-depth interviews, focus group discussions (FGD), 

and personal observations. Gathering qualitative information from a natural setting was a 

key focus of this approach (Babbie, 2010).  

 

5.2.2. Information Collection  

 

Qualitative data related to cultural ecosystem services of rattan gardens were obtained 

through in-depth interviews, Focus Group Discussions (FGD) and observations in Tumbang 

Runen village from May 2015 until September 2015. 

 

In-depth interviews were designed to gather information about the function of rattan 

agroforestry in the spiritual and social lives of local people to understand how local people 

view rattan agroforestry, and what kind of knowledge stems from the management of rattan 

agroforestry. Focus group discussions were undertaken to understand the historical 

importance of rattan agroforestry, land-use change due to depressed rattan prices, and 

alternative livelihoods (to rattan cultivation). Observations of daily activities of local people 

included the collection of vegetables and medicinal plants by villagers from rattan 

agroforestry. Observations occasionally included active involvement in such activities.  This 

facilitated additional context to the qualitative information provided.  

 

The main aim of qualitative research is to understand and develop subjective meaning of the 

world: in particular the social context (Creswell, 2007). The strength of qualitative research 

is the capability to deeply explore the topic under study drawing on human experience 

(Carlsen & Glenton 2011).  Qualitative research often involves key informants or 

participants to provide depth and understanding of research questions. Cresswell (2007) 

suggested ‘the selection of participant does not necessarily suggest random sampling or 

selection of large number participants or sites as typically found in quantitative research’. 

Typically, key informants are selected on their personal experience or knowledge related to 

the topic under study (Collingridge & Gantt 2008). This provides relevance and context 

(Curtis et al. 2000, Tuckett 2004) 

 

The first stage in selecting key informants involved consultations with the village leaders.  

Leaders were considered to be well placed to recommend potential participants based on the 

selection criteria.  Direct contact was then made with potential informants to gain consent 
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from them with regard to their participation in the study. In-depth face to face interviews 

were conducted in the local language (Dayak Ngaju). Where permission was granted, some 

of the interviews were audio-recorded.  Where key informants did not allow the interview 

to be recorded, detailed written notes were taken. Notes were taken in Bahasa Indonesian. 

Audio recordings were later translated into Bahasa Indonesian and then to English. Field 

notes were translated from Bahasa Indonesian to English.  

 

In-depth interviews were conducted with 15 key informants (10 males and 5 females) (see 

Appendix II for questions). Selection criteria for key informants included: those with 

extensive traditional and historic knowledge about rattan agroforestry, village history and 

cultural ceremonies, and rattan growers from families with two or three generations of rattan-

growing experience in Tumbang Runen. Many of these key informants also had other 

occupations.  

Table 5.1. List of Key Informants 

No. Gender Occupation Age 

1 Male Teacher, rattan farmer 44 

2 Male Fisher, rattan farmer 47 

3 Female Fisher, rattan farmer 34 

4 Male Teacher, rattan farmer 64 

5 Female Grocery trader 47 

6 Female Fisher, rattan farmer 52 

7 Male Custom leader, traditional healer 74 

8 Male Fisher, rattan farmer 51 

9 Female Fisher, rattan farmer 55 

10 Male Oil palm employee, rattan farmers 35 

11 Male Custom leader, fisher and rattan farmer 70 

12 Male Fisher, rattan farmer 56 

13 Male Teacher, rattan farmer 40 

14 Female Traditional mid wife, traditional healer  70 

15 Male Oil palm employee, rattan farmer 40 
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I engaged three focus group discussions; two addressed the history and management of rattan 

agroforestry and one addressed cultural aspects of rattan agroforestry (Figure 5.2). The first 

focus group (elderly group) consisted of three men and two women who understand and 

have witnessed the development of rattan agroforestry in Tumbang Runen village. The 

participants of the second focus group (rattan farmer group) were five rattan farmers (three 

men and two women). The third focus group (village leader group), involved five men and 

four women and included rattan farmers and village leaders, some of whom had also 

participated in the in-depth interviews. The discussions revealed additional information to 

in-depth interviews about cultural ecosystem services (Babbie, 2010). In addition, my 

observations of, and occasional participation in, activities in rattan agroforestry facilitated 

contextual understanding and validation of the information obtained during interviews and 

focus group discussions. For example, I directly observed the collection of vegetation from 

rattan gardens and the later use of these plants in traditional medicines or rituals.  

 

 

Figure 5.2. Focus group discussion with custom leaders and rattan farmers in 

Tumbang Runen village, 5 June 2015.  

 

 

In addition to group discussions and in-depth interviews, I undertook extensive observations 

of activities associated with rattan agroforestry. Observations of local farmers’ daily 

activities included collecting wild vegetables the rattan agroforestry, fishing from the river, 

and selling goods at the local market. In this way I participated in community life gaining 

insights into customs and practices (Babbie, 2010). My observations provided more data on 
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the various kinds of rattan agroforestry:  the general ecology and vegetation.  Observations 

were also used to verify data from interviews and from group discussions.  

 

5.2.3. Analysis 

 

The cultural ecosystem classifications developed by MA and used in the GRACE frame 

work (Table 5.2) were used to analyse the data.  This analysis revealed an understanding of 

how the local community perceived, experienced, and valued their rattan agroforests based 

on content and thematic analysis. Systematically classifying and categorizing cultural 

ecosystem services followed the  typology provided by Infield et al. (2015) with a focus on 

spiritual, heritage and local knowledge values. The Results section reflects these three 

themes. 

 

Table 5.2.  List of cultural ecosystem service goods or benefits, with examples in 

GRACE frame work  

Cultural 
benefits 

Description Examples 

Spiritual and 
religious  

Goods derived from specific places, 

features or species within a natural 

landscape creating sacred, religious or 

spiritual inspiration, feelings and values; 

sites important for spiritual or religious 

reasons, rituals and ceremonies; religious 

rules and taboos; links to ancestors, gods 

or spirit world 

Holy places; holy springs; 

sacred forests; ‘wish fulfilling 

lakes’; places where ancestral 

spirits are believed to reside; 

sacred sites used in 

rainmaking ceremonies; 

species considered sacred 
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Cultural 
benefits 

Description Examples 

Cultural 
heritage  

Goods derived from or associated with 

natural, semi-natural or culturally 

important landscapes, sites or features 

that provide reminders of and retain 

historic roots;  connections to the past 

providing a sense of continuity and 

understanding of place; ‘‘memories’’ from 

ties to landscapes; values associated with 

physical objects, places, practices, 

traditions, or languages passed on from 

generation to generation linked to 

landscapes, settings, places or culturally 

significant species 

Special old trees (planted by 

parent or grandparent); 

remains of traditional 

cultivation systems; historic 

artefacts: historic records 

preserved in water bodies 

and soils; settings for the 

continuation of local cultural 

practices such as traditional 

story-telling; historic gardens 

and landscapes 
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Cultural 
benefits 

Description Examples 

Education 
and 
ecological 
knowledge  

Goods derived from formal and informal 

knowledge systems developed by 

different cultures; subject matter for 

education, knowledge and research; 

meeting the need for understanding; 

opportunities for outdoor learning where 

observation, experience and 

experimentation leads to increased 

ecological knowledge and enhanced 

connectedness to nature; positive 

relationships with nature based on 

experience and knowledge; motivating 

more sustainable ecosystem 

management; enhanced knowledge for 

other disciplines through improved 

cognitive outcomes, increased enjoyment 

of education, better behaviour and 

improved working conditions.  

Ecosystems provide 

information for cognitive 

development; increased 

understanding about species 

and ecosystem through visits 

to nature areas; direct 

observation and experience 

of nature, deepening 

understanding; traditional 

ecological knowledge gained 

through interactions with 

nature; traditional 

knowledge of biodiversity 

which lies in memory of local 

and indigenous communities 

and is transmitted through 

daily practices, stories, songs 

and dance.  

Adapted from Infield et al. (2015) 

 

5.2.4. Overview of Geography and Demography of Tumbang Runen 

 

Tumbang Runen village is located at the riverside of the downstream area of Katingan river 

(Figure 5.3). The Katingan river extends approximately 650 km from Muller-Schwaner 

mountains in the north to Java sea in the south.   Tumbang Runen village covers an area of 

11,400 ha of lowland with an average elevation above sea level less than 500 m. The region 

has a tropical humid climate with average temperature of 310C and monthly rainfall ranging 

from 27.7 mm to 378.8 mm (Statistics of Katingan Regency, 2015).  Tumbang Runen is one 

of the oldest villages in Katingan Regency. It was officially established in 1884 under the 

Dutch Colonial rule. 

 



 101 

 

 

Figure 5.3. The Katingan River provides the main access to the Tumbang Runen village 

 

Tumbang Runen is situated about 97 km from Palangka Raya, the capital city of the province 

of Central Kalimantan. The village is also 5 km from Baun Bango, the capital of Kamipang 

sub-regency. However, Tumbang Runen is remote. To reach the village one can travel by 

car from Palangka Raya to Kasongan (capital city of Katingan regency) (about 1.5 hours) 

then to Baun Bango (about 1 hour).  From Baun Bango the village can be reached through 

the Katingan River by small boat (klotok) in about 15 minutes.  

 

In 2016, the population of Tumbang Runen was 349, (182 male and 167 female). Typically, 

the local inhabitants live in an extended family: grandparents share a house with their 

children and grandchildren.  The village comprises 92 households with the average number 

of individuals per household at 3.8. The annual population growth rate in Tumbang Runen 

is relatively low (0.89 individuals per year (Statistics of Katingan Regency, 2016)). The 

village is poorly served by health or educational facilities.  It has one kindergarten and one 

elementary school. To continue their education, children must go to Baun Bango.  Higher 

education (University or College) only exists at Palangka Raya. There is no hospital or clinic 

in Tumbang Runen.  The village has one nurse and one midwife.  Villagers use either 

medicine sold at small shops or traditional medicine. For serious health issues, villagers must 

travel to Baun Bango. Figure 5.4 shows the typical housing in Tumbang Runen village.  
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Figure 5.4. Typical housing in Tumbang Runen village, made from local timber 

obtained from the nearest forest or rattan agroforest.  

 

 

5.3. Results 

5.3.1. Rattan Cultivation in Tumbang Runen 

 

Based on the information obtained from interviews and the elderly focus group discussion, 

the history of utilization of rattan in Tumbang Runen village can be traced from Dutch 

colonial rule in the 1880s. During this era, rattan was collected from the forest around the 

village. The natural habitat of rattan is the riparian lowland forest (about 2-3 km from the 

river).  The local communities called such forests rotan bebas (free rattan). All were free to 

collect rattan from the forest.  

 

With continued rattan harvesting from the forests, village leaders became concerned about 

sustainability of the harvest. In 1966, villagers began to cultivate rattan: rattan agroforestry. 

Since then, every household in Tumbang Runen has owned and cultivated rattan 

agroforestry.  

 

Interviews with rattan farmers revealed that rattan agroforestry in Tumbang Runen occurs at 

the river bank. Riparian areas are generally fertile and offer ready transport opportunities for 

harvested rattan (via the river).  Rattan agroforestry are usually situated higher on the river 

bank as Rattan Sigi (the most commonly cultivated rattan species) is intolerant to flooding.  
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5.3.2. Spiritual Value of Rattan Agroforests  

 

The spiritual value of rattan agroforests is defined as the contribution of the ecosystem or its 

components (species and places) that mediate, maintain, and enhance the belief systems or 

world view of the local community in Tumbang Runen village. Based on information from 

key informants, and on observations, the spiritual value identified in rattan agroforests 

relates mostly to rituals and traditional ceremonies. These spiritual practices are maintained 

through rules and taboo in the customary laws or adat. In most parts of Kalimantan, the 

unwritten and informal documents of adat play an important role as a code of conduct that 

shapes behaviour, social interaction, and natural resource management.   

 

Kaharingan customary leaders who were also members of the elderly focus group revealed 

that until the early 20th century, Dayak people (particularly in the up-stream area) conducted 

traditional ceremonies including seeking permission from nature before clearing any land 

for farming. This ceremony involved a series of necessary steps, requirements, and 

calculations which, by controlling the rate and size of areas cleared, resulted in sustainable 

land use.  Today, only a few villagers follow this custom.  Indigenous land management, 

traditional knowledge, and local wisdom are being lost concomitant with degradation of the 

natural environment. 

 

Major rituals such as Tiwah (death ceremonies) and Manyanggar (village blessing and 

spiritual cleaning) are no longer performed, but some minor rituals such as palas bidan 

(rituals of childbirth), marriage, and balian (healing process) are still commonly practiced.  

 

Informant number 3, 34 years old, household wife, fisher and rattan farmer 

 

“…. We still practicing some of traditional ceremonies that we have for 

centuries such as Mamali and traditional wedding ceremony. However, we 

no longer conducted some big ritual such as Tiwah and Manyanggar. Despite 

these ceremonies are costly also because they are contradiction with 

principles in Moslem religion. But it is a must to do some traditional 

ceremonies in wedding ceremonies, childbirth procession, build a new house 

or open a forest to establish rice cultivation. By doing those ceremonies give 

us peace in mind and a hope that what we do will bring benefit.” 
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The spiritual aspect of cultural ecosystem services in rattan agroforestry includes the use of 

some vegetation species as a component in life cycle rituals and healing ceremonies. Some 

species that are used in such rituals include pilang (Neolamarckia cadamba), sawang 

bahandang (Cordyline sp.) and mamali (Leea indica). Customary leaders stated that these 

plants are commonly used in the birth and wedding ceremonies as meaningful symbols. 

Mamali is believed to have spiritual power to protect a new child or a new bride from evil 

spirits. Villagers also believe that this plant could mediate blessing from Ranying Hattala 

Langit (the mighty god). Usually mamali leaves are crushed and mixed with holy oil and 

placed on the forehead of a baby. For wedding ceremonies, the Damang (customary leader) 

uses mamali leaves to bless the bride.  

Other vegetation from rattan agroforestry important to the spiritual life of people in 

Tumbang Runen is rattan itself. Rattan has been widely used in almost every aspect of ritual 

ceremonies. In death ceremonies (Tiwah), rattan is used to measure the length of the corpse 

and to prepare the tomb.  

The kajunjung tree (Cinnamomum sintok) is a symbol of prosperity believed to bring 

blessing and fortune to the owner.  Accordingly, timber from the Kajunjung tree is used as 

the main pillar for houses in the village. Use of the Kajunjung tree for this purpose is believed 

to ensure that the household will have a good position in the social structure; commanding 

respect from other villagers.  The Kajunjung tree not only provides the main support for the 

house, but it represents the hopes, wishes, and fortune of the inhabitants.  

Other trees such as beringin (Ficus sp) tree are considered to be sacred: such trees are 

believed to be homes of the gods and spirits of their ancestors. Typically, Ficus trees are 

large with branches creating a broad canopy. These physical characteristics of the Ficus tree 

confer charisma reinforcing spiritual beliefs. During times of epidemic disease, villagers 

place offerings under the Ficus trees believing that these offerings will bring healing. Given 

the importance of Ficus trees, villagers conserve them in agroforestry.   
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Informant number 11, 70 years old, fishermen, custom leader 

“ No one dare cut the beringin trees. Cutting them can bring you curse. If 

you cut the tree you will have a bad dream haunted by the spirit lives in the 

tree, then you can become very sick. We believe that beringin tree is the 

place where the spirit live. The spirit love living on that tree because the 

tree is big, with a very thick canopy. We keep the beringin tree in our rattan 

garden no matter what. Sometimes we put offering under the tree such as 

lemang (cake from glutinous rice), eggs and rice. By giving the offering we 

hope the spirits live in the tree are happy and do not disturb our life.” 

Many in the local community of Tumbang Runen maintain their traditional beliefs even 

though they may have converted to Islam.  For villagers, Islam guides their relationship with 

god (Allah) following the syariat of Islam. Yet they consider some of the Kaharingan 

principles as part of their culture, particularly their interaction with nature.  

Under Kaharingan principles, villagers do not differentiate between spiritual and physical 

materials; the secular aspect of life is as essential as religious aspects. An implication of this 

philosophy is that they believe that the disturbance in the physical world is related to the 

spiritual world.  Table 5.3 presents the vegetation in rattan agroforestry that contributes to 

the spiritual life of local people.  
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Table 5.3. List of vegetation used in traditional ceremonies  

No. Scientific Name Local Name Value for spiritual life 

1 Baccaurea motleyana Rambai kawung Believed to mediate blessings from 

spirits 

2 Calamus caesius Rotan sigi Tie up the animal sacrificed or as a 

vessel for offering  

3 Calamus trachycoleus Rotan irit Tie up the animal sacrificed or as a 

vessel for offering 

4 Cinnamomum sintok Kajunjung/sintok Believed to bring luck and 

prosperity  

5 Cordyline sp Sawang bahandang Mediate blessings from spirits 

6 Diospyros foetida Kasar bakei Believed to evict bad spirits 

7 Ficus benyamina Lunuk/beringin Holy trees where spirits live 

8 Leea indica Mamali Mediate blessings from spirits 

9 Neolamarckia 

cadamba 

Pilang Believed to evict bad spirits 

 

5.3.3. Heritage Value 

 

Interviews with key informants revealed that they ascribed heritage and cultural identity 

values to rattan agroforestry. Local people consider rattan to be historically important, 

intimately linking them to their ancestors. Rattan agroforestry also serve as a cultural 

symbol, where practices, beliefs, and knowledge are maintained through generations.  

 

Informant number 12, 56 years old, rattan farmer, fisher 

 

“ …I obtained my rattan garden from my parent. Before gave the rattan garden 

to us, our parents warned us for not to sell the rattan garden, instead managed 

it together. Anyone of us can harvest the rattan and sell it, or cut the tree or 

pick the fruit. We can do anything but sell it. So until today, even though   rattan 

has no price anymore but we still keep the rattan garden. Even though it will 

become unmanaged jungle, we will never sell our rattan garden.” 
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Some key informants stated that they would never sell their rattan agroforestry because it 

remains connected to their parents or grandparents. Some trees evoke memories from the 

past. Rattan agroforestry represents lives of ancestors, creating tangible links to the past. The 

following citations give examples of the heritage value of rattan agroforestry. 

 

Informant number 4,  45 years old, teacher and rattan farmers 

 

Mostly rattan gardens own by community in Tumbang Runen are inherited 

from their parent or grandparent. Some of them open a new rattan garden 

around 19990s. For example, I have 4 sheet (1 sheet ranges from 0.8 ha – 1 ha 

) rattan gardens. Three of them I obtained from my parent and one I buy from 

Mr. Kapul. One garden located behind the village, two of them located at 

upstream part of the village and one located across the river.  

 

Today, rattan gardens seem to have  no value at all. With rattan price only Rp. 

150.000 per kuintal, and three days are needed for an adult to collect that 

amount, it means the income from rattan only Rp. 50,000 per day. That number 

is not sufficient to cover expenses for basic daily need such as rice and sugar 

and coffee. People prefer other job such as fishing, mining and working at palm 

oil plantation. The salary from palm oil plantation ranges from Rp. 75,000 to 

Rp. 100,000 per days. I assume right now, almost 75% of the villager working 

for oil palm plantation. The rest of them earn money from fishing and mining.  

 

If you asked whether I will  sell or alter my rattan garden into other purposes, 

my answer is always no. I will never sell my rattan garden because it is a legacy 

from my parent. It becomes part of my parent that still with us until today. 

Beside that I have so many memories resided in that rattan garden. I still 

remember my grandparent planted that big asam tree at the corner of garden 

and we can still harvest the fruit until today. Before my father died, he has 

strong message for us do not sell the rattan garden. And until today I respect 

his message. I am afraid if I sell it I can get curse. Instead of selling it, my 

parent wanted us to manage it collectively. By doing so my parent wished that 

we can help each other and prevent the rattan garden from selling.  
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5.3.4. Traditional Knowledge 

 

My research suggests that rattan agroforestry plays a crucial role in the transmission of 

traditional knowledge. Rattan agroforestry presents a means whereby cultural beliefs, skills, 

wisdom, and knowledge from older generations are passed down to their successors. This 

knowledge is deeply intertwined with the physical features of a rattan agroforestry. For 

example, Bungur trees are used to predict rainy seasons.   

 

Traditional ecological knowledge identified from my interviews and observations includes 

ethnobotany. The utilization of certain vegetation in rattan agroforestry includes a wide 

range of uses including construction material, food, medicine, fuelwood, traditional 

ceremonies, handicraft, fishing tools, boat, fodder, latex, cosmetics, and food preparation 

(Figure 5.5).  

 

 

             Figure 5.5. Types of utilization of vegetation in rattan agroforestry 

 

In the 1970s, rattan farmers in Tumbang Runen also extracted latex from the pantung tree 

(Dyera lowii). At the time demand for latex was high and supported by the abundance of 
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this species. Now, farmers are cultivating rubber (Havea braziliensis) as an alternative 

commodity to rattan. Extracting and cultivating new commodities promotes new knowledge 

building on traditional systems.  

 

The transmission of traditional knowledge in Tumbang Runen occurs between parents and 

their children or from elder siblings to the young. This takes place in rattan agroforestry or 

in other natural settings (e.g. paddy fields) where children assist their parents e.g.  by 

collecting rattan seed, harvesting rattan, and clearing unwanted trees around rattan clusters. 

The modes of knowledge transfer include oral communication, observation, or imitation. In 

Tumbang Runen, children usually start helping their parents in rattan agroforestry when they 

reach 10-12 years of age. Younger children also acquire ethnobotanical knowledge from 

their parents, e.g. awareness of fruits that can be eaten and knowledge of those which are 

poisonous.    

 

Informant number 7,  74 years old, rattan farmer and custom leader 

 

I obtain my knowledge about rattan cultivation technique and knowledge 

about soil, forest, vegetation, and season from my parent. The way I was 

taught was different from modern education system, where you sitting in 

the class and listening the lesson from teachers. I learn all of those 

knowledge by going to the forest, helping my parent harvest or maintain 

rattan garden. I remember that time, almost every day me and my father 

go to rattan garden, collecting come fruits, vegetables or medicinal plants. 

By walking in the forest, my father taught me which plants are useful and 

which are danger.  

 

What I remember the most is the when my father taught me how to predict 

the season by observe some mushroom, root or flower. If the yellow 

mushroom start emerge on the soil it means, the rainy season will come. 

And also if the flower of Muhur blooming, it also mean that the rain season 

will come. I was not really belief when my father told me that, so curious 

and feel determined to prove it. And he was right, so I can count on it to 

predict the weather. However, it is not applicable these days. Weather and 
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season are hard to predict. Sometimes wet season come for the whole year 

and sometime rain only falls  for two months.  

 

I also learn type of soil that suitable for rattan sigi (Calamus caesius) and 

rattan irit . Mineral soil, that usually located near the river bank is 

preferred by rattan sigi. This type of soil has a good aerasi, and do not 

flooding in the long periode. Contrary, rattan irit love wet soil, peat soil 

and event swamp area. This type of rattan can survive in a bad soil 

condition.  

 

We also have practical knowledge how to choose location for rice and 

vegetation. We know area that we call napu. An area on the edge of lake 

with thin layer of peat soil. Napu consider as the best location to grow rice 

and vegetation. The advantages of napu as cultivation area include fertility 

and protection from forest and land fire. Due to the position, located 

between or near lake, napu is protected from forest fire.  

 

I think, what my parent told me about the usage of vegetation in rattan 

garden or in forest is useful. I think the community in Tumbang Runen 

shared a knowledge about the utilization of vegetation. I mean, we all know 

which tree is a good material for house construction, which tree are 

suitable for fuelwood and which vegetation have medicinal properties. The 

wood from Belanti, Banit and Karipak are preferable for construction 

because the wood for this tree are durable but quite easy to mould. 

Sagagulang, tatumbu, keput bajuku and kaluan are good for fuelwood. 

This type of wood does not produce excessive smoke and smouldering. The 

fruit of rokam is used to cure toothache, the bark from kajajirang usually 

used as a component for cosmetic. Almost all vegetation in rattan garden 

can be utilized.  

 

I do not know if this type of knowledge is still relevant to the situation right 

now. Rattan is no longer valuable, people abandon their rattan garden and 

focus on other livelihood such as mining and working at palm oil 

plantation. But for me, that knowledge is important, and I will teach my 
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children about it too, and hopefully if someday the price of rattan will 

improve, they will have knowledge and skill to cultivate rattan.  

 

As a subsistence community, inhabitants of Tumbang Runen depend on local natural 

resources. Interviews with key informants revealed that local community members utilized 

91 vegetation species; equivalent to about   90% of all vegetation species found in rattan 

agroforests. The plants cited as useful by local community members were classified into 12 

categories: food, construction, medicine, fuel wood, traditional ceremonies, handy craft, 

fishing tools, boat, fodder, latex, cosmetics, and food preparation. 

 

Food obtained from rattan agroforests complements villagers’ diets, which are based on rice 

and fish. Some vegetation harvested from rattan agroforests also provides a source of 

income.  For example, the juvenile part of rattan sigi (Calamus caesius) and kelakai 

(Stenochlaena palustris) are sold in the local market or to the palm oil company near the 

village. 

 

Trees harvested for construction purposes include Koompassia malaccensis, Shorea albida 

and Vitex pubescen. Trees are also harvested as fuel wood:  the main source of energy for 

cooking in Tumbang Runen village. Fuelwood is usually taken from the forest surrounding 

the village and only occasionally from rattan agroforestry.  

 

Local people, especially women, use rattan to make baskets, mats, and ornamental 

handicrafts. Other uses of vegetation harvested from rattan agroforestry include fodder, 

fishing tools, cosmetics, and food preparation: 2 or 3 species have been utilised.  

 

Informant number 14, 70 years old, traditional midwife and healer 

 

Since 2008, we never harvest and cultivate rattan anymore, however rattan 

garden still important to my family. We can still benefit from rattan garden, 

for example we can still collect some of medicinal plants or harvest timber 

and fruits. For a traditional midwife like me, traditional plants sourced from 

plants in rattan garden or forest are crucial. Even though right now, modern 

medicine is available and commonly used by people in Tumbang Runen, but 

most of people in this village and I personally, prefer traditional medicine. 
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For me, traditional medicines are more natural and bring no negative effect 

on your health. Some people prefer modern medicine but the rest still choose 

traditional medicine which have been used for century. Usually people who 

treat their illness with modern medicine and then fail, they will back to 

traditional medicine. Traditional medicines are also trusted by people with 

serious illness such as cancer, tumour, and liver disease.  

 

I work as mid wife not only for people in Tumbang Runen also for 

communities from other seven village around Tumbang Runen such as 

Jahanjang, Baun Bango, Keruing, perupuk, and Tampelas. Based on my 42-

year experience helping women giving birth, the used of plant with medicinal 

properties is proved efficacious.  

 

I usually go looking for the plant material for medicine from rattan garden, 

around the house or in the forest near the Sebangau National Park. Some 

plants such as the fruit of ulin (Eusideroxylon zwageri) are now difficult to 

find. I have to travel to the village in the upstream area of Katingan River in 

order to find it. But mostly the plant to treat my patients can be found in 

rattan garden.  

 

I obtained knowledge related to traditional medicine and skill as a midwife 

from my grandmother. From when I was young, before I married, my 

grandmother teach me how to formulate medicine and brought me every time 

she help birth process. I started my own practices when I turned 30, when 

my grandmother passed away.  

 

I am not only help during the labour process but also a couple month before 

the due date and several weeks after the delivering process. Preparing a 

birth processes are related to physical aspect as well as spiritual aspect. 

Since it is an important event in someone’s life, every aspect should be well 

prepared, including prevention from evil spirit intervention, the mental 

readiness and also the health condition of mother candidate. A couple days 

and during the labour process I usually burn the bark of kasar bakei 

(Diospyros foetida) to dissipate the evil spirits. The bark of kasar bakei 



 113 

should be collect on Friday with position heading to West. Beside that we 

also can use spice such as paper, turmeric, and garlic to cast away the 

unwanted spirit.  

 

To treat women after giving birth, we can use the root of belimbing tunjuk 

(Averrhoa bilimbi), the root of Asem Tatap (Antidesma sp.), the root of 

Kenyem (Lepisanthes amoena) wood of Pasak Bumi (Eurycoma longifolia). 

All those ingredients are boiled, and they drink for 40 days after giving birth.  

 

 

5.4. Discussion 

 

The local community of Tumbang Runen, particularly rattan growers, consider rattan 

agroforestry to be an important part of their culture and their social system. Rattan 

agroforests provide products for subsistence, but are also symbols of identity for local 

people, representing their belief systems and their way of life. Rattan agroforestry in 

Tumbang Runen informs and utilises villagers’ ethnobotanical knowledge and natural 

resource management strategies.  

 

The cultural value of traditional agroforestry, such as the cultivation of rattan, is often 

overlooked in modern development strategies where the main goal is economic 

development.  In Indonesia, where the ecological impact of forest development has been 

characterised by the development of large-scale, monoculture forests, with little to no 

ecological or cultural value, the role of traditional land-use systems in the cultural, economic 

and spiritual lives of local people is increasingly important.  Similarly, Herrmann (2006) 

found that the pewen tree (Araucaria araucana) in the Chilean Andes was important in the 

economic and spiritual life of Mapuche Pewenche people. Gooner (2007) suggested that 

traditional land use practice among Benuag Dayak people presents a model for balancing 

sustainable livelihood with ecosystem function.   

 

Conversion of forests or traditional land use systems into oil palm plantations can detach 

local people from their ancestral land and customary livelihoods (Sirait, 2009). The absence 

of formal recognition from government of traditional agroforestry results in the acquisition 

of land for oil palm plantations. Cultural ecosystem services including ethnobotanical 
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knowledge and heritage values are lost in monocultured oil palm.  Collecting forest products 

such as rattan (Calamus caesius), gemor (Nothaphoebe coriacea) bark, pantung (Dyera 

lowii) resin and honey are replaced by work as an employee at an oil palm plantation.  

 

 

The process by which the oil palm company acquires land from local communities often 

creates conflict. Typically, oil palm companies approach elite and influential people in the 

village to sell communal land. This creates internal conflict in the village among those who 

support the oil palm company and those who do not.  This erodes social bonds and trust 

among community members.  Furthermore, it results in a deterioration of community 

livelihood and belief systems linked to heritage values and other ecosystem services 

provided by the forest. Examples of community conflict include Dadahup village, Antang 

Kalang, Sebangau Kuala and Ramang village. In these villages, community members had 

broken established practices by selling communal or family land to oil palm companies 

(Save Our Borneo, 2017). Land owned and managed collectively may be sold without 

consent by all family members (Obidzinski et al., 2012; Rits, 2010). As a consequence, 

familial or social bonds may be weakened (Rits, 2010).  

 

Beside oil palm expansion, transmigration (for provision of labour for oil palm cultivation) 

also creates social conflict. The Government of Indonesia has promoted transfer of people 

from populous areas such as Java and Bali to less populous regions such as Kalimantan, 

Sumatra, and Sulawesi. Migrants are encouraged with the provision of farming tools and 

two hectares of land from the government. This creates conflict with local communities, the 

members of which have different social norms and (often) religion to the migrants.  

Furthermore, migrants do not have the same cultural attachment to the forest and actively 

participate in forest degradation through oil palm cultivation.  

 

 

Cultural ecosystem services provided to local people through rattan agroforestry encourages 

conservation of local forests, maintaining other ecosystem services such as regulating 

services, and provisioning services.  However, compared with oil palm plantations, rattan 

agroforests have much lower economic utility.  A recent restriction on raw rattan export by 

the Indonesian government has decreased the economic value of rattan.  Income from selling 

rattan is currently insufficient to meet the basic needs of villagers. Alternative sources of 
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income are replacing rattan growing, including fishing, collection of other non-timber forest 

products, raising cattle, artisanal mining, and working at oil palm plantations. Yet the 

cultural value of rattan agroforestry, including strong ancestral and spiritual connections, 

encourages their conservation by local villagers.    

 

Further loss of rattan agroforests could trigger loss of cultural ecosystem services including 

local ecological knowledge and heritage value.  Traditional ecological knowledge is an 

important driver of natural resource conservation including the maintenance of biodiversity 

(Tang & Gavin, 2016). Market mechanisms can accelerate  change by introducing new 

commodities (e.g. oil palm)  requiring more intensive cultivation  resulting in the further loss 

of ecosystem services (Godoy et al., 1998; Reyes-García et al., 2007). For example, the 

policy of the Indonesian government to develop extensive monoculture plantations such as 

oil palm, rubber and Acacia has a large impact on the cultural services important to the 

Dayak people (Caniago & Stephen, 1998; Joshi et al., 2004a). Clearly, a balance is required 

between economic development and the maintenance of ecosystem services including 

cultural ecosystem services. 

 

Social-cultural assessments of rattan agroforestry can help understand what factors are 

important to local people and also their vulnerability to land-use change. For them, rattan 

agroforestry is important because of its cultural significance. Attached to their land, 

traditional knowledge and customary livelihoods help secure feelings of harmony. This 

information can be used by natural resource managers or policy makers to develop strategies 

that are aligned to customary land uses; these are more likely to be adopted by local people. 

Neglecting local cultural values in natural resource management can demonstrably impact 

on livelihoods and on the well-being of indigenous people.  
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CHAPTER VI 

THE ECONOMIC VALUE OF PROVISIONING SERVICES 

FROM  RATTAN AGROFORESTRY 

 

 

6.1. Introduction 

 

Agroforestry has been widely recognised as a strategic approach to land management in 

natural resource conservation and socioeconomic development especially in rural areas 

(Alavalapati et al., 2001; Byron & Arnold, 1999; Garrett et al., 2000).  Agroforestry provides 

a wide range of products that meet both subsistence needs and commercial production. 

Products provided by agroforestry such as food, fuel wood, fodder, and construction wood, 

are crucial in food security supporting the livelihoods of rural communities. Furthermore, 

agroforestry can also maintain biodiversity and other ecosystem services (e.g. by preventing 

soil erosion) (Bohn et al., 2014; Dawson et al., 2014; Michon & de Foresta, 1996). 

Agroforestry is therefore important in many rural economies and in poverty alleviation 

(Alavalapati et al., 2001; Gouyon et al., 1993; Mary & Michon, 1987).  

 

Rattan agroforestry, one of the oldest agroforestry systems in Indonesia, has supported the 

livelihood of rattan farmers for centuries (Safran & Godoy, 1993) and the Indonesian 

economy more generally (ITTO, 2007; Purnama et al., 1998). In the past,  rattan has been 

estimated to contribute as much as 28%-50% of the total in come of rattan farmer in 

Indonesia (Safran et al. 1993). Rattan agroforestry production has been affected by a 

government ban on rattan export. Accordingly only 3% of households of rattan farmers now 

derive income from rattan (Meijaard et al., 2014).  

 

The high biodiversity of rattan agroforestry (see Chapter IV) offers multidimensional 

functions which contribute to regulating services and provide significant cultural value to 

the local community in Tumbang Runen (see Chapter V).  Other than rattan cane, rattan 

agroforestry provides a wide range of goods that rattan farmers use to fulfil their needs for 

nutrition, construction materials, sources of energy, fibre and natural medicine. However, 

the economic value of goods yielded from rattan agroforestry is difficult to quantify because 

of the unrecorded amount of harvest and the more recent absence of market value for rattan 
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cane. There is a need to determine the economic value of goods and services generated from 

rattan agroforestry.  Other uses of forests in Indonesia, e.g. intensive cultivation of oil palm, 

can generate significantly greater economic returns but to the detriment of ecosystem 

services. 

 

Provisioning services are one of the four ecosystem services defined by Millennium 

Ecosystem Assessment (MA) (MA, 2005). Provisioning services are defined as products 

obtained from an ecosystem including food, fibre, fuel, genetic resources, biochemical, 

natural medicine, ornament resources and fresh water (MA, 2005). For forest dependent 

communities, provisioning services play an important role. In such communities, forests or 

agroforests provide almost all subsistence needs for energy, materials and food (Bardhan et 

al., 2012; Uddin et al., 2013) 

 

Economic valuation of environmental services aims to set monetary value on the goods and 

services provided by the environment (Costanza & Folke, 1997; Pearce & Turner, 1990). 

Economic valuation can also be seen as a process of expressing a value for ecosystem 

services (Farber et al., 2006). Furthermore, economic valuation can be considered as a tool 

to assist in decisions relating to the allocation of limited natural resources where several 

options or alternative uses are available.  This is particularly important in Indonesia where 

widespread deforestation is threatening forest-dependent communities and degrading forest 

ecosystems. 

 

Economic valuation is crucially related to environmental decision-making such as budget 

allocation for conservation, or the implementation of new strategies for land use. It can 

provide quantitative comparisons of several practical options (e.g. of land use). Moreover, 

economic valuation can express the importance of an ecosystem in more understandable 

language i.e. economic value (Meinard & Grill, 2012). Economic valuation also helps 

ecologists or conservationists to express the importance of an ecosystem in economic terms. 

For example, a cost-benefit analysis can be used to inform a public program related to 

possible or anticipated land use change (Lele et al., 2013).  

 

The interconnectedness of economics with ecology is evident from a consideration of the 

evolution of economics in environmental issues.  Former & Van Lerland (1987) noted that 

the history of the relationship between economics and the environment could be 
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characterized in three main steps. First, classical and neoclassical theory considered the 

environment only as a natural resource for agriculture and industry. Associated with this, 

there was no concern about environmental degradation. In the second stage, awareness of 

the exhaustibility of natural resources and externalities of industries started to emerge. 

However, the environment was not considered to be as important as economic development.  

In the last stage, the need for sustainable development arises.  Preservation of the 

environment is considered to be as important as economic development.  

Despite the increasing recognition of environmental services, most environmental amenities 

are still considered as a public good, with open access for all (Former & Van Lerland, 1987). 

An implication is that the environment has often been undervalued or not-valued (tagged 

with zero prices) by society. Furthermore, most environmental services cannot be found in 

the formal market (Vo et al., 2012). The consequences of the failure of the market to capture 

the value of environmental services is that the prices of the goods and services produced 

from ecosystem components are undervalued (Former & Van Lerland, 1987). Most 

economic analyses do not take into account ecosystem services because these services fall 

outside the range of the market (Chee, 2004).  

6.2. Objectives 

 
Here I address the following research questions: 

1. What are the important livelihoods for the community in Tumbang Runen? 

2. How many species in rattan agroforestry are utilized and delivered as provisioning 

services to households? 

3. How is the local community making use of vegetation in rattan agroforestry to meet 

their subsistence and commercial needs? 

4. What is the economic value of provisioning services provided by rattan agroforestry? 
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6.3. Method 

6.3.1. Data Collection 

 

Information related to provisioning services of rattan agroforestry was collected from 

household surveys, interviews with key informants, and market observations conducted 

from June to August 2015, and in December 2016. This method was used for numeric 

description (trend, average, sum) of part of the population, enabling generalization to the 

total population (Creswell, 2007). Some economic valuation study on provisioning services 

such as Belcher et al. (2005), Manurung (2001), Pramono & Lestari (2013), Uddin et al. 

(2013) and Wakka (2010) used household survey as a tool gathering quantitative 

information.  Surveys were supplemented with an ethnobotanical approach which provided 

information relating to the utilization of certain species in the rattan agroforestry.  

 

Table 6. 1. Qualitative surveys to determine ecosystem services provided by rattan 

Agroforestry 

No. Method Quantity 

1 Household surveys 38 households  

2 Key informant interviews   

 a. Customary leader 2 persons 

 b. Traditional healer 3 persons 

 c. Handy craft maker 2 persons 

 d. Vegetable trader 1 person 

 e. Boat maker 2 persons 

 f. Carpenter  3 persons 

 g. Fuel wood trader 1 person 

 h. Fisher  4 persons 

3 Market observations 3 times at weekly village market 

2 times at sub regency market at Baun 

Bango 
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Household surveys employed structured questionnaires (Appendix 1) targeting two main 

issues:  

(1) demographics and socio-cultural characteristic of respondents (age, occupation, gender, 

tribal affiliation, education, income generation per month);  

(2) details relating to the provisioning services of rattan agroforestry (type and quantity of 

product collected, frequency of harvest, price of the product, costs of collecting the product). 

 

Using the structured questionnaires, respondents in house-hold surveys were questioned 

about the products they harvested from rattan agroforestry. For each product, they were 

asked about the frequency of collection (how many times in a year). The respondents were 

also asked about the usage of the product whether for subsistence needs or for commercial 

gain. 

 

Interviews were undertaken with customary leaders, traditional healers, handicraft makers, 

vegetable traders, boat makers, carpenters, fuel wood traders, and fishers (Table 6.1). In 

total, there were 18 interviews undertaken at the residences of the key informants. Interviews 

were not only carried out with the key person/key informant but also with the other members 

of the household. Sometimes the neighbours of the key informant joined in the interview to 

add information, clarify, or to confirm the information provided by the key informant. 

Customary leaders and traditional healers provided information on ethnobotanical 

knowledge and traditional medicine relevant to agroforestry. Handicraft makers supplied 

information on the types and value of items crafted from vegetation in rattan agroforestry. 

Vegetable traders described types of traditional vegetation harvested for consumption, 

quantities of such vegetation harvested (per week), and the food preferences of people in 

Tumbang Runen. Boat makers provided information on the value of boats constructed from 

timber derived from the rattan forest including the type of wood utilized as raw material for 

the boat and the number of boats produced in a year. The type of timber used in construction 

and the price per m3 were provided by carpenters. Similarly, fuel wood traders provided 

information on the type of wood and the price of fuelwood per m3. Fishers provided 

information on the fishing tools typically used by local fisherman and which forest materials 

were used to make and repair such tools.  

 

Market observations reinforced information about the market price of products indicated by 

respondents in household surveys and also served to clarify the market prices provided by 
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key informants. Market observations were conducted at village markets (usually held once 

a week) and at markets located at Baun Bango (the nearest sub regency town) (Table 6.1). 

Market observations were aided by customary leaders who helped identity the products and 

the market context in which the products were sold.  

 

All face to face interviews were conducted in the local language (Dayak Ngaju). Village 

leaders helped to coordinate interviews with respondents. Interviews were mostly conducted 

in the evening when the respondents were typically available, or during respondents’ leisure 

time. Participation was voluntary and respondents understood that they could decline to 

participate at any stage of the interview. Interview protocols were approved by Monash 

University Human Ethics Committee (project number CF15/1629 - 2015000819).  

 

6.3.2. Scope of the Study 

 

This study adopts a static analysis in order to calculate the gross economic value of 

provisioning services of rattan agroforestry managed by the people of Tumbang Runen 

Village, Katignen Regency, Indonesia. The analysis covers a one-year period of agroforestry 

(harvesting/collecting) from May 2014 - May 2015.   

 

6.3.3. Economic Valuation  

 

The annual economic value of provisioning services of rattan agroforestry was estimated in 

terms of average gross value.  Average gross value was estimated on the basis of the average 

amounts of forest products harvested in a year and on the price or the travel cost for 

harvesting those products. The economic value of provisioning services was calculated using 

two approaches. For products that have a market price, a direct market valuation was used. 

For non-marketed products, valuation was based on opportunity cost. Direct market 

valuation reflected the market price at village level or at sub-district level. Information 

relating to the market price of goods and services was obtained through interviews with 

respondents, or from visits to local markets or to sub-district markets at Baun Bango. Travel 

costs were estimated from the costs involved in collecting and/or preparing the product.  I 

used travel cost as the opportunity cost: the value of the fuel used in collecting the product.    
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Descriptive statistical analysis was undertaken using IBM SPSS 21 software. In 2017, when 

the analysis of economic value of provisioning services rattan agroforestry was conducted, 

one Indonesia Rupiah (the currency reported in the interviews) was equivalent to $0.0001 

Australian dollars (AUD). 

 

The total gross value of provisioning services of rattan agroforestry was determined by 

aggregating the economic value produced by households. To calculate the gross value of 

rattan agroforestry for local community, I used an equation adapted from (Lannas & Turpie, 

2009).  

 

𝑽𝒂𝒍𝒖𝒆 𝒐𝒇 𝒓𝒂𝒕𝒕𝒂𝒏 𝒂𝒈𝒓𝒐𝒇𝒐𝒓𝒆𝒔𝒕 = ∑ %𝒉𝒉𝒑𝒔 𝐱 𝑯𝑯 𝐱 𝑽𝒑𝒔

𝒑𝒔

 

Where:  

ps = the different provisioning services 

hhps = the percentage of households using the particular provisioning services 

HH = total number of households in the village 

Vps = the average economic value per household generated from particular provisioning  

                Services 

 

6.4. Results 

6.4.1. Overview of Livelihoods 

 

Household surveys revealed that, in response to decreasing rattan prices, local communities 

in Tumbang Runen have developed strategies to earn income from other sources. 

Diversification of livelihood systems included fishing, farming, collecting timber or non-

timber forest products, and working as employees on oil palm plantations. Of households 

surveyed, 61% identified as fishers, 29% as workers in oil palm plantations, 34% as farmers, 

with others engaged as teachers, grocery traders and carpenter/boat makers (Table 6.2). 

Importantly, evident from the data above, most respondents were involved in more than one 

occupation. For example, of the 61% of respondents who identified as fishers, 16% also 

worked at oil palm plantations, and 11% worked as farmers (Table 6.2).  
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Table 6.2. Characteristic of respondents in house hold surveys 

Age 30 -64  

years old 

Gender    

        Female  25% 

        Male 76% 

Occupation    

       Fisher 61% 

       Farmer 34% 

       Employee of oil palm company  29% 

       Groceries trader 16% 

       Carpenter/boat maker 11% 

Education   

       Elementary school 71% 

      Junior high school  11% 

      Senior high school 13% 

      University 5% 

Average income/month AU$302 

             Standard Deviation AU$144 

Average expenses / month AU$210 

            Standard Deviation AU$93 

Average number of rattan agroforests (sheet) 2.4 

          Standard deviation  2.0 

 

Consistent with the household surveys, key informant interviews revealed that the main 

source of income for residents of Tumbang Runen was fishing. Tumbang Runen is 

surrounded by five lakes and canals and rivers. Fishers use traditional fishing tools such as 

poles, nets, and fish traps. Usually they fish on a daily basis in the early morning and in the 

evening. Some of the fish collected are used for subsistence and some are sold (Figure 6.1). 

Some species such as harwan (Channa striatus) or toman (Channa melanostoma) have a 

high price (AU$6 -10/kg). Fish are often salted for preservation:  this attracts a lower price 

(AU$ 2.5 -  8). Figure 6.1 shows the daily activity of local people salting fish (for 

preservation).  
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                                      Figure 6.1. An elderly couple drying fish 

 

Few community members in Tumbang Runen planted rice or other crops: seasonal flooding 

is a limiting factor. Selective logging that commenced in the 1990s has increased the 

frequency and magnitude of the floods near the village. Farmers typically plant crops and 

vegetables (corn, cassava, chilly, tomato, and eggplant) during the dry season (August-

October).  Crops are used mostly for subsistence: only a small portion is sold.  

 

Household surveys revealed that 16% of respondents were employed at the oil palm 

plantation located near the village. Women usually work in the plantation nursery, planting 

oil palm seed, weeding, and fertilizing the juvenile oil palm plants. Men were more typically 

involved in pruning, transportation of fertilizer, weeding of palm oil trees, and in the 

application of pesticides. The average income per month for oil palm employees was about 

AU$ 150.  

 

6.4.2. Provisioning Services of Rattan Agroforestry 

 

Household surveys and interviews with respondents revealed that rattan agroforestry was 

important in generating provisioning services for the local community in Tumbang Runen. 

Of a total of 101 vegetation species identified in the rattan gardens, respondents cited 89 

species as useful in providing a variety of products to meet their subsistence needs. Among 

those useful species, 26 species delivered multiple-provisioning services. Local community 

members utilise all types of vegetation in rattan agroforestry including trees (71 species), 

palms (6 species), liana (1 species), grasses (2 species), ferns (1species) and shrubs (8 
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species). From the list of economically-valuable vegetation in rattan agroforestry described 

by respondents, 10 categories of provisioning services were identified namely: construction 

material, food, natural medicines, fuelwood, material for handicrafts, traditional boat 

building materials, materials for fishing tools, latex, cosmetics, and animal fodder (Figure 

6.2).  

 

 

Figure 6.2. Number of species of vegetation utilized within each category of 

provisioning services  

 

 

Trees, the dominant vegetation in rattan agroforestry ecosystems, provide timber for 

construction materials. Almost all construction in Tumbang Runen village involves timber. 

Construction includes houses, bridges, and temporary sheds at the lake or on flood plains 

where the local residents fish. Typically, houses are constructed on stilts and all are made 

from timber collected from surrounding forests.  Occasionally, construction timber is also 

taken from rattan agroforestry. As part of the forest maintenance process, farmers cut big 

trees to reduce the canopy and to allow light to penetrate.  Farmers use the resulting timber 

for construction material or for fuel wood. In total, 31 species of tree were identified as 

valuable for construction material. These included babaka (Chisocheton amabilis), kaja 

(Dillenia excels), kajunjung (Cinnamomum sintok), kahui/belangeran (Shorea belangeran), 

madang (Beilschmiedia glabra), tampurau (Dipterocarpus tampurau) and tulang handipe 

(Diospyros confertiflora). Prices paid for timber varied depending on species. For example, 
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the price of 1 m3 of kaja (Dillenia excels) timber is about AU$20 and 1 m3 timber from 

kahui/belangeran (Shorea belangeran) is about AU$80.  

 

Local community members in Tumbang Runen harvested fruits, herbs, ferns, and young 

shoots of several species of plants growing in rattan agroforests for food. Participants 

reported that 23 plant species found in rattan agroforestry (as described in Chapter IV) were 

edible, consisting of 18 species of tree, 3 species of palm, 1 species of shrub, and 1 species 

of fern. The daily diet of local people mostly consisted of rice (as a source of carbohydrate), 

and fish or chicken (as a source of protein), and vegetables. Community members typically 

consumed two types of vegetation: exotic vegetation such as spinach, carrot, water spinach 

and long beans; and traditional vegetation such as kalakai (Stenochlaena palustris), sepang 

(Clerodendron sp.) and young shoots of rattan (Calamus caesius). Exotic vegetables were 

obtained from traditional markets in the village or from larger markets at Baun Bango (sub-

regency town) (Figure 6.3). Traditional vegetation was collected from rattan agroforestrs, or 

purchased from local traders at the Tumbang Runen village (Figures 6.3 and 6.4). One 

bundle of traditional vegetation was priced from AU$0.4  - 0.5.  Rattan agroforestry also 

provided seasonal fruits, for example binjai (Mangifera caesa), durian (Durio zibethinus), 

gandis (Garcinia beccarii), jambu agung (Syzygium malaccense), and rambutan 

(Xerospermum sp.).  

 

 

              Figure 6.3. Local market in Tumbang Runen village showing  

                                 traditional and exotic  vegetable 

 

Rattan agroforestry is also an important source of traditional medicines. Even though 

modern medicines for common ailments are available at local stores, many villagers prefer 

traditional medicines. In addition, the relative isolation and limited access to modern health 
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facilities mean that residents of Tumbang Runen often rely on traditional medicinesin the 

absence of alternatives. Bark, wood, leaves, and fruits from various plants in rattan gardens 

are utilised in traditional medicines. Processed traditional medicines are also available at 

local markets. For example, a traditional medicine for heart disease was sold for AU$0.25 - 

0.5 per package (Figure 6.4).  

 

 

Figure 6.4.  Some of the products derived from rattan agroforestry. Clock wise from the 
top: medicinal plants, basket made from rattan, fuelwood, vegetables, 
cosmetics, and boat 

 

Some wealthier households used liquid petroleum gas (LPG) for cooking. However, most 

households use fuelwood for cooking because it is cheaper and more readily available. The 

average consumption of fuelwood in a month was one cart or approximately 1 m3. Usually, 

households use whole trees as fuelwood. Trees with a diameter > 20 cm are felled and cut 

into smaller pieces for fuel. Respondents claimed that the ideal fuelwood is timber that 

smoulders without producing much smoke. Accordingly, some 20 species of tree such as 

banit (Polyalthia hypoleuc), hampuak (Baccaurea bracteata), kaluan (Vitex pubescen), and 

keput bajuku (Stemonurus scorpioides) are considered ideal for fuelwood (Table 6.3). Some 

households in Tumbang Runen prefer to buy fuelwood from local traders (at AU$0.5 -  

0.7/m3). 
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Of the six plant species in rattan agroforestry reportedly used in handicrafts, three are rattan 

species. Two of the respondents reported collecting rattan as material to make baskets and 

mats (selling for AU$0.25 - 0.50).  

 

As the communities surveyed are next to a river, boats play a crucial role in the daily 

activities of local households. Every household in Tumbang Runen owned at least one boat. 

Boats are used as transportation and for fishing. Typically, boats are between 4 - 10 metres 

in length, with capacity for up to 10 persons. Muhur (Langerstroemia speciosa), kalewang 

(Shorea belangeran), and kaluan (Vitex pubescen) are examples of trees species that are 

commonly used in boat construction (Table 6.3). The price of boats ranged from AUD$100 

- $200. 

 

Other provisioning services delivered by rattan agroforestry included fishing tools, latex, 

cosmetics, and animal fodder (Table 6.3). Traditional fishing tools are typically made from 

rattan, bamboo, and timber. Latex from rubber trees (Havea braziliencis) is sold as raw latex 

for AU$0.7 - 1 per kilogram. Species found in rattan gardens used for cosmetics include 

kamasulan (Pternadra sp.), kajajirak (Xantophyllum sp.), teken parei (Christensenia 

aesculifolia) and suli. The leaves of these species are ground and mixed with rice paste to 

make powder (to treat sunburn, acne, and other facial afflictions). One package of this 

cosmetic is typically sold for AU$0.5 - 0.7.  Grasses for fodder are usually grown at the edge 

of the river. Preferred species are uru humbang (Acroceras munroanum) and pawah (Scleria 

sumtranensi).  These grasses are fed to cows and goats (Table 6.3). 

 

Table 6.3. Vegetation harvested in rattan agroforestry and category of provisioning 

services generated from them 

No. Scientific Name Local Name 
Growth 

form 
Utilization 

1 Acroceras munroanum Uru humbang shrub fodder 

2 Agroforestryia tubifera Nini randa Tree construction (houses) 

3 Alpinia sp.  Suli shrub medicine, cosmetics 

4 Antidesma sp Asem tatap Tree food 

5 Antidesma phanerophe Untek undang Tree food, fuel wood 

6 Aranga pinata Hanau/aren Palm food 

7 Arenga saccharifera Lepu Palm boat repair 
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No. Scientific Name Local Name 
Growth 

form 
Utilization 

8 Artobotrys suaveolins Bajakah tampelas Liana medicine 

9 Artocarpus sp Tilap Tree construction (houses) 

10 Baccaurea bracteata Hampuak  Tree fuel wood 

11 Beilschmiedia glabra Madang Tree construction (houses and 
infrastructure) 

12 Blumeodendron tokbrai Tusuk karandang Tree used as tools to catch fish 

13 Buchanania arborescens Sangeh tree medicine 

14 Calamus caesius Rotan sigi Palm handicraft, construction 
(houses and infrastructure)  

15 Calamus trachycoleus Rotan irit Palm handicraft, construction 
(houses and infrastructure) 

16 Calophyllum 
macrocarpum 

Parut/Bintangur Tree construction (houses) 

17 Chisocheton amabilis Babaka Tree construction (houses and 
infrastructure), fuel wood, 
medicine 

18 Christensenia aesculifolia Teken parei Shrub cosmetics, food 

19 Cinnamomum sintok Kajunjung/sintok Tree construction (houses) 

20 Clerodendron sp.  Sepang Tree food 

21 Croton laevifoliu Belanti Tree fuel wood, construction 
(infrastructure) 

22 Croton tiglium Kamandrah Tree poison, medicine 

23 Crudia tenuipes Kalewang/lewang Tree construction (houses), boat, 
medicine 

24 Daemonorops fissus Singkah bajungan Palm food 

25 Dialium patens  Bahantung Tree food, fuel wood,  

26 Dicranopteris linearis Hawuk Shrub food 

27 Dillenia excelsa Kaja Tree construction 
(infrastructure), fuelwood. 

28 Dimocarpus loingan Tangkuhis Tree food 

29 Diospyros confertiflora Tulang handipe Tree construction 

(infrastructure) 

30 Diospyros foetida Kasar bakei Tree medicine 

31 Diospyros pseudomala 
barica 

Tutup kabali Tree food 
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No. Scientific Name Local Name 
Growth 

form 
Utilization 

32 Diospyros sp. Buring pahe Tree food, construction 
(infrastructure) 

33 Dipterocarpus tampurau Tampurau Tree construction (houses) 

34 Dracontomelon dao Sangkuang Tree food,  construction (houses 
and infrastructure) 

35 Durio zibethinus Durian Tree food 

36 Elaeocarpus acmocarpus Pitanak/Patanak Tree fuel wood,  

37 Eugenia elmeri Enyak beruk Tree fishing tools 

38 Flacourtia euphlebia Rokam Tree medicine 

39 Garcinia bancana Gantalang Tree food, medicine 

40 Garcinia beccarii Gandis Tree food, medicine 

41 Gluta velutina Rangas  Tree construction (infrastructure 
and houses) 

42 Gluta wallichii Rangas Manuk Tree construction (infrastructure 
and houses), handicraft 

43 Havea brazilliencis Karet Tree latex 

44 Horsfieldia crassifolia  Kayu bahandang Tree construction (houses) 

45 Ilex wallichi Sasumpit Tree fuel wood, climbing tree for 
rattan 

46 Jakiopsis ornata  Sangiar/sagiar Tree food 

47 Kananga odorata Kananga Tree medicine 

48 Korthalsia hispida  Rotan ahas palm food, construction (houses) 

49 Koompassia malaccensis Bengaris Tree construction 

(infrastructure) 

50 Langerstroemia speciosa Muhur Tree boat 

51 Lepisanthes amoena Kenyem Tree food 

52 Licania splendens Bintan Tree construction 

(infrastructure) 

53 Lygodium microphyllum Uru tagetu shrub medicine material 

54 Lithocarpus conocarpus Pampaning Tree fuel wood,  

55 Litsea sp. Kayu sasah/salah Tree fuel wood 

56 Lophopetalum 
multinervium 

Perupuk Tree construction (houses and 
infrastructure), fuel wood 
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No. Scientific Name Local Name 
Growth 

form 
Utilization 

57 Macaranga madang Madang batu Tree construction (houses and 
infrastructure) 

58 Madhuca mottleyana  Katiau Tree fuelwood, latex 

59 Mangifera caesa Binjai Tree food 

60 Mangifera odorata Kuini Tree food 

61 Melastoma 
malabathricum 

Sawang kelep shrub medicine 

62 Mezzettia parviflora Karipak/pisang-
pisang 

Tree construction (houses and 
infrastructure) 

63 Microcos sp.  Limping demek Tree fuel wood 

64 Morinda eliptica Mangkudu himba Tree medicine 

65 Neolamarckia cadamba Pilang Tree the latex is used to trap 

birds  

66 Palaquium 
pseudorostratum 

Ketapi Tree food 

67 Pandanus sp. Rampiang grass  handicraft 

68 Philodendron sp. Tatapal Tree fuel wood, construction 
material 

69 Physalis angulata  Tisik peang shrub medicine 

70 Pilodendron mamei Muhau Shrub medicine 

71 Piper sp Tundai Liana medicine, construction 
(houses and infrastructure) 

72 Planchonella  maingayi  Salapatau Tree fuel wood, construction 
(houses and infrastructure), 
floating material for fish net 

73 Polyalthia hypoleuc Banit Tree fuel wood, construction 
(infrastructure) 

74 Pternadra sp. Kamasulan Tree handicraft, cosmetics, 
medicine 

75 Scleria sumtranensis Pawah grass fodder 

76 Scorpiodes sp Tabaras Tree fuel wood 

77 Shorea albida Bawan/meranti 
merah 

Tree construction 
(infrastructure) 

78 Shorea belangeran Kahui/belangeran Tree construction (Houses and 
infrastructure), boat 

79 Stemonurus scorpioides Keput bajuku Tree fuel wood 

80 Stenochlaena palustris Kalakai Fern food 
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No. Scientific Name Local Name 
Growth 

form 
Utilization 

81 Syzygium lineatum Galam Tree construction 
(infrastructure) 

82 Syzygium malaccense Jambu agung Tree food 

83 Syzygium havilandii Tatumbu Tree fuel wood 

84 Ternstroemia bancanus  Ueh batu/kayu 
sulam 

Tree medicine,  

85 Ternstroemia magnifica Ueh  Tree medicine 

86 Tetractomia tetrandra Sagagulang Tree fuel wood 

87 Vitex pubescens Kaluan/kalumbang Tree boat, construction (houses),  

88 Xantophyllum sp Kajajirak Tree cosmetics, medicine 

89 Xerospermum sp. rambutan tree food 

 

6.4.3. Economic Value of Provisioning Services of Rattan Agroforestry 

 

The economic valuation of provisioning services showed that rattan agroforestry contributes 

to the economic and subsistence needs of Tumbang Runen people. In total, the economic 

value of provisioning services of rattan agroforestry contributed AU$ 23,175 per year or 

AU$ 251.90 per household per year (Table 6.4). This amount was equivalent to about 7 % 

of house total income per year (see table 6.2). Economic value of provisioning services of 

rattan agroforestry also represents the amount that local community could save from buying 

substitute material in the market. The total value of provisioning services was derived from 

food, construction material, medicine, fuel wood, handicraft, fishing tool, latex, boat and 

cosmetics. The greatest economic contribution was from construction materials, estimated 

to be AU$ 7,868 per year. The estimated economic value of each provisioning service is 

shown in Table 6.4 
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Table 6.4. Type of provisioning services, average economic value, and total economic 

value for Tumbang Runen village 

Type of 

provisioning 

services 

Number of 

household 

(total 

sample=38) 

 Quantity 

in a year 

Range 

price per 

unit (AU$) 

Economic 

value for 

sample/ye

ar (AU$) 

Average 

economic 

value for 

sample/ye

ar (AU$) 

Total 

economic 

value for 

whole 

village/year 

(AU$) 

Food 9 Vegetables 
3765 

bundles 
0.4 - 0.5 1,712 190 4,146 

  Fruits 38 Kg 1 - 1.5    

Construction 3  65 m3 20 - 80 3,250 1083 7,868 

Medicine 5  47 packs 2.5 - 5 176 35 427 

Fuel wood 15  268 m3 5 - 7 1,068 71 2,586 

Handicraft 3  43 pieces 2- 10 258 86 625 

Fishing tools 10  515 pieces 1 - 2.5 901 90 2,182 

Latex 1  360 kg 0.6 - 1 288 288 697 

Boat 2  10 boats 100 - 200 1,500 750 3,632 

Fodder 3  780 bundles 0.3 - 0.5 312 104 755 

Cosmetics 3  170 pack 0.5 - 7.5 106.25 35.42 257 

Total 9,314  23,175 

 

Even though provisioning services comprised a relatively small contribution to total 

household income, rattan agroforestry was vital for subsistence (Figure 6.5). Many 

households benefited from fishing tools and food derived from rattan agroforestry (26.3% 

and 23.7% respectively) (Figure 6.5).  
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Figure 6.5. Percentage economic value of each category of provisioning services from 

rattan agroforestry in Tumbang Runen village 

 

Fewer than 3% of households derived benefit from latex because rubber trees had only 

recently been planted in Tumbang Runen. Minor latex production from pilang 

(Neolamarckia cadamba) was used occasionally to trap birds. 

 

6.5. Discussion 

 

I have shown that rattan agroforestry provides a wide range of ecosystem services for the 

local community in Tumbang Runen village. The contribution of rattan agroforestry of 

provisioning services reflects the high biodiversity of plants in the forest. Trees as the 

dominant vegetation in rattan agroforestry play a key role in the delivery of provisioning 

services. Some trees such as kamasulan (Pternadra sp.) and perupuk (Lophopetalum 

multinervium) generate multiple provisioning services. Kamasulan (Pternadra sp.) provides 

material for handicrafts, cosmetics, and medicine. Perupuk (Lophopetalum multinervium) 

provides construction material and fuelwood. The number of products from vegetation 

indicates the significance to farmers (Dawson et al., 2014). Farmers attribute high value to 

multiuse vegetation  Nygren et al., 2006; Vodouhê et al., 2009).  
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Although the economic value of provisioning services provided by rattan agroforestry is 

relatively low compared with the total income of households, timber and non-timber 

products from rattan agroforestry contributed significantly to the wellbeing of people in 

Tumbang Runen. Provisioning services such as medicines, fuel wood, and fishing materials 

are crucial in isolated rural areas such as Tumbang Runen where access to many resources 

is limited. The importance of provisioning services for subsistence needs and wellbeing is 

particularly influenced by poverty (Gemedo-Dalle et al., 2005; Vodouhê et al., 2009). Kar 

and Jacobson (2012) found that poor households were more dependent on non-timber forest 

products for their subsistence and income needs compared with wealthier households. The 

provision of non-timber forest products is considered to be an important ecosystem service 

(Heubach et al., 2011; Jusu & Sanchez, 2013; Marshall & Hawthorne, 2012).  

 

Similar to Angelsen and Wunder (2003), Cavendish (2002) and Shackleton et al., (2007), I 

have shown that rattan agroforestry offer resilience in livelihood strategies through the 

provision of a wide range of goods and services.  Diverse incomes from utilisation of natural 

resources is important in regions exposed to variable climatic conditions (e.g. flood, drought, 

forest fire) and land use change (e.g. fish availability is impacted by sedimentation and 

pollution from industrial activity).  

 

Medicinal plants in rattan agroforestry provide a valuable source of income (and wellbeing) 

to locals. Creating alternative livelihoods given continued degradation of natural resources 

is important in Indonesia. In South Africa, the value of medicinal plants valued at USD 0.16-

0.34 million (Williams et al.,, 2007), and in Ghana USD 7.8 million on the domestic market.  

 

The opportunity cost of rattan agroforestry is relatively high. Compared with the economic 

value of oil palm plantations, rattan agroforestry generates lower income for farmers 

(Suwarno et al.  2016). Oil palm plantations offer a higher net present value (NPV) than 

rattan agroforestry, Rp. 8.8 million (AUD 880) and Rp. 1.7 million (AUD 170) respectively 

even with the much greater capital investment required for oil palm (Belcher et al., 2005). 

Studies by Manurung (2001) showed that oil palm plantations of 10,000 ha yielded NPV 

US$ 72.62 million during a 28-year period (with a discount rate of 10%). The total benefit 

ranged between US$ 105 – 3,718/ha/year and the total cost varied between US$ 479 – 

1,353/ha/year. However, Manurung (2001) found that the NPV of oil palm plantations 

became negative (- US$ 55,54) when social and environmental costs were included.  This 
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reflects the loss of ecosystem services associated with deforestation and oil palm plantations.  

The social and environmental cost including loss of timber and non-timber forest products, 

erosion, biodiversity, and carbon emission was estimated to be between US$763 per ha and   

US$ 2, 305 (Manurung, 2001). Table 6.5 presents a comparison of NPV for some land use 

systems in Indonesia.  Yet these values exclude costs associated with loss or diminution of 

ecosystem services.  For rattan agroforestry, additional benefits of maintenance of ecosystem 

services offset applicable costs; whereas the reverse is true for oil palm plantations. 

 

Table 6.5. Comparison of the net present value (NPV) in some land use systems in 

Indonesia 

Land use system 
Total Cost 

(US$) 

Total 
Benefit 
(US$) 

NPV 
(US$) 

Reference 

Rattan   170 Belcher et al., 2005 

Oil Palm   880 Belcher et al., 2005 

Cacao agroforestry 12267 51150 1002 Wakka, 2010 

Bawang tree 
agroforestry 

647 4002 876 Premono and Lestari, 2013 

 

 

The substantial financial investment required to establish and process oil palm precludes 

smallholder farmers in Indonesia (Obidzinki et al., 2012; Iksan & Abdussamad, 2010).  The 

high opportunity cost of forest conservation is a key driver of forest degradation in Indonesia 

(Illukpitiya & Yanagida, 2010; Shone & Caviglia-Harris, 2006). Many decision makers are 

not well-informed of the multiple benefits offered by competing land use such as rattan 

agroforestry (Andrew et al, 2002).  Clearly, a holistic approach to valuation of alternative 

land use should be applied when managing forest ecosystems in Indonesia. 
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CHAPTER VII 

NEXUS OF ECOSYSTEM SERVICES IN RATTAN 

AGROFORESTRY: AN ECOLOGICAL, ECONOMIC AND 

CULTURAL ANALYSIS 
 

 

7.1 Introduction 

 

Benefits derived from ecosystem services (particularly regulating and provisioning services) 

are threatened in Indonesia by the rapid increase of the human population, deforestation, 

land use change, and associated depletion of natural resources (Dee et al., 2016; Foley et al., 

2005; MA, 2005). These anthropogenic activities affect forest ecosystems and associated 

ecosystem services which benefit human well-being. Regulating ecosystem services from 

Indonesian forests include habitat provision, climate regulation, and preventing soil erosion; 

and provisioning services include forestry, agriculture, and other services that directly 

contribute to economic and social wellbeing (Chapter IV and VI).   

 

Environmental degradation in Indonesia is a complex issue that relates to poverty, lack of 

food security, poor health, and gender inequalities. People living in remote communities 

(exemplified in this thesis by Tumbang Runen village in the Katigan Regency, Central 

Kalimantan) have limited options for livelihoods and are often the most vulnerable to 

disruption of ecosystem services.  

 

Factors that influence ecosystem services include direct and indirect drivers. Direct drivers 

include changes in land use, inappropriate use of natural resources, the introduction and 

expansion of populations of invasive exotic species, pollution, and climate change. Indirect 

drivers include demographic change in human populations (e.g. changes in the age 

distributions and cultural compositions of local communities), economic factors, market 

failures, scientific and technological changes, institutional gaps, and socio-political factors 

(Melick, 2005). Addressing the drivers of ecosystem services could help maintain the 

sustainability of delivery of ecosystem services and human wellbeing. Here, I assess the 

impact of policy and land use change (deforestation due to oil palm plantations) on 

livelihoods and ecosystem services provided by rattan agroforestry.   
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Expansion of oil palm plantations in Indonesia is one of the biggest environmental concerns 

for the nation. (Ahrends et al., 2015; Bruun et al., 2013; Broich et al., 2012; Gunarso et al., 

2013). The rapidly growing demand for land to establish oil palm plantations threatens forest 

and agroforestry systems (Ahrends et al., 2015; Bruun et al., 2013; Belcher et al., 2005).  

Conversion of forests and agroforestry systems into oil palm plantations has created 

environmental and social-cultural problems (Carlson, 2012; Rits, 2010; Colchester & Jiwan 

2006, FOE, 2008). Increased CO2 emissions, loss of habitat, and loss of biodiversity are 

among the environmental issues related to the rapid expansion of oil palm plantations 

(Carlson, 2012).  Conflicts between oil palm companies and the local community or conflict 

between migrant oil palm company employees and indigenous inhabitants are among the 

reported social and cultural impacts of oil palm plantations (Sirait, 2009; Sheil, 2006).  

 

As well as examining the mechanisms by which direct and indirect factors influence 

ecosystem functions (and therefore ecosystem services), it is also important to examine the 

dynamic interactions of those ecosystem services (Hein et al., 2006) so that appropriate 

decisions regarding land use and natural resource utilisation may occur (De Groot et al., 

2010). Most ecosystem services are generated from interactions between ecosystem assets 

(e.g., biodiversity, temperature, soil, air, water) and anthropogenic assets (e.g., institutions, 

technology, infrastructure). For example, practises and products for traditional medicine are 

generated from a combination of biodiversity and traditional knowledge. These interactions 

need to be taken into account because they influence the outcomes of natural resource 

management (Daw et al., 2015).  These interactions are most apparent in rural communities 

but the expansion of plantation and forestry concessions  tend to ignore this interaction and 

threaten ecosystem services and livelihoods of forest-dependent communities such as the 

community in Tumbang Runen village.  Understanding the mechanisms by which social and 

ecological systems interact to generate multiple ecosystem services is particularly important 

in developing strategies and policies for the sustainable management of natural resources 

(Balvanera et al., 2001; Kremen, 2015).  

 

Ecosystem-based management, including natural resource management, should take into 

account ecosystem function, the needs of policy makers and of stakeholders.  This includes 

an understanding of the reciprocal connection between people and their ecosystems. 

Ecosystem services are not unidirectional, nor are they linear (Comberti et al, 2015). 

Ecosystem services contribute to human well-being through complex mechanisms including 
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multiple temporal and spatial scales (Costanza et al., 2014; Turner & Daily, 2008). The 

importance of ecosystem services to human populations is determined by both the properties 

of the particular ecosystem and the social characteristics and preferences of the relevant 

human community/communities (Burkhard et al., 2012; Castro et al., 2014). The strong 

connection between humans and ecosystems is particularly evident in forest dependent 

communities in Indonesia (as shown in the present study). The members of such 

communities show deep understanding of ecosystem function through subsistence 

livelihoods, forest utilization, rituals and ceremonies. Disregarding the reciprocal 

interactions between ecosystem and human society can undermine the importance of 

ecosystem services (Comberti et al., 2015).  

 

In general, there are three types of interactions (forming a nexus) among ecosystem services: 

trade-offs, synergies, and bundles (Cord et al., 2017a). Trade-offs in ecosystem services are 

caused by drivers that directly or indirectly change the structure and processes of ecosystems 

underpinning services. Indirect drivers reflect demography, economics, social policies, 

culture, religion, science and technology (MA, 2005; Nelson et al., 2006). Direct drivers 

may include land use change (e.g. deforestation), over exploitation (of natural resources), 

excessive emission of pollutants, and exotic plant invasion (Bastian et al., 2013; Nelson et 

al., 2006).  

 

Trade–offs can be defined as the maximization of the production of one ecosystem service 

at the expense of other services (Bennett et al., 2009). For example, increasing crop 

production (a provisioning service) in agricultural systems can cause a decrease in regulating 

services such as prevention of soil erosion, water regulation, and habitat provision (Coupe 

et al., 2013).  In their research in Australia, Butler et al. (2013) found that the production of 

food and fibre in floodplain areas caused deterioration of water regulation services.  More 

particularly, in regard to my study, the rapid expansion of oil palm plantations in Indonesia 

can cause major losses of biodiversity along with substantial degradation to peatland 

ecosystems; and concomitant release of greenhouse gases (GHG).  

 

Synergies arise when enhancement of one service is followed by improvements in other 

services (Carpenter et al., 2005). Small-scale agroforestry systems in developing countries 

such as Indonesia have demonstrated synergies, for example where production of a tangible 
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product occurs in parallel with an improvement of carbon sequestration and water balance 

(Pretty et al., 2006).  

 

Bundles of ecosystem services can be defined as those multiple ecosystem services that 

consistently present together at particular locations and times (Carpenter et al., 2009; Foley 

et al., 2005; MA, 2005; Raudsepp-Hearne et al., 2010). Again, such bundles are exemplified 

in rattan agroforestry whereby impacts of oil palm cultivation on both provisioning and 

regulating services are measurable, for example  the deterioration  of air and water quality, 

and the loss of arable land for growing fruits and vegetables for harvest by local community 

members. 

 

Losses of ecosystem services often occur (Foley et al., 2005; MA, 2005). Ecosystem services 

work in complex and dynamic ways often neglected or not understood by decision makers 

involved in ecosystem-based management (Chan et al., 2011). Regulating services such as 

flood control, genetic resources, carbon sequestration, or pollination are decreasing or 

disappearing in many parts of the world (MA, 2005). Interdependencies among ecosystem 

services mean that trade-offs among ecosystem services are difficult to avoid (Rodríguez et 

al., 2006).  

 

There is still limited understanding about the relationships among ecosystem services and 

the mechanisms that underpin the generation of those services (Bennett et al., 2009; Kremen, 

2015; Tallis & Polasky, 2009). Accordingly, studies of ecosystem services should include 

the examination of their interdependencies (Bennet et al., 2009). A key challenge in 

understanding connections between ecosystem services is developing comprehensive 

assessments that take biophysical, social-cultural, and economic values of ecosystem 

services into account (Chan et al., 2012; Felipe-Lucia et al., 2014).    

 

Iniesta-Arandia et al., (2015) show that although ecosystem services are affected by 

anthropogenic activities, there is still scant information regarding the socio-economic value 

of these services to stakeholders.  Studies of ecosystem services have focused on economic 

and ecological aspects and rarely touch upon human factors such as cultural services (Bennet 

et al., 2009). Interdisciplinary approaches are required to better understand the importance 

of the interactions between cultural services and other ecosystem services (Chan et al., 2012; 

De Groot et al., 2002).    
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Most studies of ecosystem service interactions focus on trade-offs or synergies. My research 

attempts to go deeper by analysing how components of ecological, cultural, and economic 

systems influence ecosystem services in a rattan agroforestry. Analysing how specific 

components in rattan agroforestry affect each other assists in evaluating the impacts of 

changes in land use affect forest-dependent communities in Indonesia. 

 

 

7.2. Objective 

 

Here I examine the dynamic interaction of ecosystem services in rattan agroforestry systems 

in contrast to those of oil palm plantations. My evaluation focuses on the following 

questions: 

1. Are ecosystem services delivered by rattan forest present as bundles and if so, what 

are these? 

2. What synergies in ecology, culture, and economics are created through ecosystem 

services from rattan agroforestry? 

3. What are the costs and benefits of rattan agroforestry compared with oil palm 

plantations? 

 

 

7.3. Methods 

7.3.1. Data collection 

 

The analysis of the interactions between the three dimensions of ecosystem services (Figure 

7.1) draws on information presented in previous Chapters. Information related to the 

ecological systems of rattan agroforestry is drawn from Chapter IV; cultural systems of 

rattan agroforestry from Chapter V; and economic systems of rattan agroforestry from 

Chapter VI. Ecological information and its influence on cultural systems includes the plant 

species utilized by local people as part of their customary activities. Ethnobotanical 

knowledge of vegetation was revealed through in-depth interviews of community leaders 

and other stakeholders, personal observations, and Focus Group Discussions (see Chapter V 

for detailed methods).   
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Whereas previous Chapters were focussed on the ecological (IV), cultural (V), and economic 

(VI) values of rattan agroforestry, this Chapter explores the interactions between these 

aspects of rattan agroforestry. Specific methods used for data analysis in each theme are 

summarized in Table 7.1.  

 

Table 7.1.  Summary of the methodology used in the analysis of ecosystem service 

interactions 

Theme Objectives Data analysed Method 

Ecological 

 

 

 

Describe and 

explore the 

contribution of 

ecological assets to 

cultural ecosystem 

services  

 

 

 

Biodiversity of 

vegetation in rattan 

agroforestry (Chapter 

IV) 

Plot-based vegetation 

surveys 

Ethnobotany 

traditional ecological 

knowledge, and 

cultural values 

(Chapter V) 

● In-depth interviews 

● Observations  

● Focus group discussions 

Describe and 

explore the 

contribution of 

ecological aspects 

of rattan 

agroforestry to 

provisioning 

services  

Vegetation based 

products obtained 

from rattan 

agroforestry (Chapter 

VI) 

● Household surveys 

● Observation (local 

market) 

● Focus group discussions 

Describe and 

explore the 

contribution of 

ecological aspects 

of rattan 

agroforestry to 

regulating services 

Plant biodiversity as 

an indicator for 

habitat provision 

services, above 

ground carbon stock 

as indicator for 

climate regulation and 

litter thickness and 

surface root biomass 

as indicator for soil 

erosion prevention 

(Chapter IV) 

● Plot based vegetation 

surveys 

● Plot based carbon 

calculation 

Economic 

 

 

 

Describe and 

explore the 

contribution of 

economic systems  

Types of utilization of 

vegetation in rattan 

agroforestry (Chapter 

VI) 

● In-depth interviews 

● Observations 
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Theme Objectives Data analysed Method 

associated with 

rattan agroforestry 

to regulating 

services 

 

 

 

 

 

Perspectives of local 

community about the 

economic aspect of 

rattan agroforestry 

(Chapter V and VI) 

In-depth interviews 

Identification of 

conservation practices 

(how farmers 

maintain biodiversity 

in rattan agroforestry) 

(Chapter V) 

● In-depth interviews 

● Observations 

Describe and 

explore the 

contribution of 

economic system 

to  Cultural 

Ecosystem 

Services 

 

 

 

Perspectives on rattan 

agroforestry (Chapter 

V and VI) 

In-depth interviews 

Preference of 

livelihoods (Chapter 

V, VI, VII) 

● In-depth interviews 

● House hold surveys 

Describe and 

explore the 

contribution of 

economic system 

to provisioning 

services 

Product obtained from 

rattan agroforestry 

(Chapter VI) 

Household surveys 

Cultural 

 

 

 

Describe and 

explore the 

contribution of 

cultural aspect to 

regulating services 

 

 

 

Perspectives on rattan 

agroforestry (Chapter 

V) 

In-depth interviews 

Traditional 

knowledge and 

management practices 

of rattan agroforestry 

(Chapter V) 

● In-depth interviews 

● Observations 

Describe and 

explore the 

contribution of 

cultural aspect to 

provisioning 

services 

Type of product 

obtained from rattan 

agroforestry (Chapter 

VI) 

● In-depth interviews 

● observations 
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Theme Objectives Data analysed Method 

Describe and 

explore the 

contribution of 

cultural aspect to 

CES 

Perspectives, feelings, 

and experiences 

around rattan 

agroforestry (Chapter 

V) 

● In-depth interviews 

● Observations 

● Focus group discussions 

 

Some information not reported in previous Chapters is also presented here. 

 

An analysis of the Indonesian Government’s policy regarding Rattan trade was undertaken 

via a review of published and publicly available government documents from 1979 until 

2017. The review also included publications by Meijaard et al. (2014) and Mayer et al. 

(2015); and focused on the aim of trade regulations introduced in 1979, the implications of 

these regulations on the rattan trade, and the reasoning behind the introduction of these 

regulations.   

 

A literature review was also conducted to obtain information regarding the economic value 

social cost and benefits of some land use system in Indonesia including oil palm, rubber 

plantation, and rattan agroforestry. The information from the literature review was then 

combined with information from chapter IV, V and VI to compare the costs and benefits of 

rattan agroforestry and alternative land use systems.  

 

Information regarding the impact of these regulations on livelihoods and ecosystem services 

in Tumbang Runen village was generated from interviews with four village elders and two 

customary leaders, and a focus group discussion with rattan farmers (Table 7.1).   

 

Comparison of the economic, ecological and cultural costs and benefits associated with two 

alternative land uses (rattan agroforestry and oil palm plantations), used both qualitative and 

quantitative data.  Evaluation of the economic benefits and social costs of oil palm used 

secondary data obtained from a review of published studies carried out in Central 

Kalimantan and Indonesia.  The benefits provided by rattan agroforestry were drawn from 

information contained in Chapters IV, V and VI).  
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7.3.2. Analysis 

 

The nexus between the ecological, economic, and cultural systems in the ecosystem services 

provided by rattan agroforestry was analysed thematically.  This involved the identification 

of patterns from a series of data/information (Braun & Clarke, 2006). Such an approach 

enables elucidation of important themes which help to describe the phenomena of interest 

(Daly, 1977). The thematic analysis used here applies a combination of deductive and 

inductive thinking. Deductive thinking is applied when choosing the themes for the analysis. 

Three basic elements of ecosystem services (i.e. ecology, economics, and social-cultural) 

(De Groot et al., 2002; Farber et al, 2002; Kandziora et al., 2013; Mace et al., 2011) were 

used as the themes for my analysis (Figure 7.1).  Inductive thinking is used to interpret and 

explore the meanings of phenomena. To better understand the complex and dynamic ways 

in which ecology, economics, and culture are interwoven in generating ecosystem services 

from rattan agroforestry, my analysis was conducted via several steps.  

 

Initially, I considered aspects of the ecological system and how these aspects contributed to 

the provision of ecosystem services. Then, I examined the cultural systems associated with 

rattan agroforestry and how cultural factors influence ecosystem services. Finally, my 

analysis also examines how the economic system effects ecosystem services (Figure 7.1, 

Table 7.1). 

 

Figure 7.1. Conceptual framework for analysis of interactions among ecosystem 

services 
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The analysis of the interactions between the three dimensions of ecosystem services (Figure 

7.1), draws on information presented in previous Chapters. Information related to the 

ecological systems of rattan agroforestry is drawn from Chapter IV; cultural systems of 

rattan agroforestry from Chapter V; and economic systems of rattan agroforestry from 

Chapter VI. Ecological information and its influence on cultural systems includes the plant 

species utilized by local people as part of their customary activities. Ethnobotanical 

knowledge of vegetation was revealed through in-depth interviews of community leaders 

and other stakeholders, personal observations, and Focus Group Discussions (see Chapter V 

for detailed methods).   

 

The conceptual framework used to analyse the impact of policy and land use on the 

ecosystem services associated with rattan agroforestry is illustrated in Figure 7.2.  

 

 

Figure 7.2. Conceptual framework for analysis of the impact of changes in the policy 

environment on ecosystem services associated with rattan agroforestry 

 

 

A literature review relating to the Indonesian policy on rattan trade and non-timber forest 

products provides information on the nature of recent changes to policy environment created 

by the government of Indonesia and its impact on rattan farmers. Data collected during 
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interviews with rattan farmers provide insights into the effect of these changes on their 

livelihoods and income. Historical perspectives were provided through interviews with 

village leaders who also presented information relating to livelihood strategies for members 

of the local community in Tumbang Runen. Finally, the analysis includes evaluation of three 

scenarios: harvested rattan agroforestry, abandoned rattan agroforestry, and converted rattan 

agroforestry (converted to oil palm plantations).   

 

I compare the costs and benefits of various land-use strategies including the conversion of 

native forests to oil palm plantations.  This presents contrasts in economic benefits (in favour 

of palm oil) against social/cultural and ecological costs (in favour of traditional forest 

management).  This comparison of ecosystem services provides a holistic evaluation of the 

costs and benefits of land use strategies for forest management in Indonesia.  

 

7.3.3. Scope 

 

The scope of this analysis focuses on ecosystem services of rattan agroforestry with an 

emphasis on ecological, economic, and cultural aspects. The spatial scale of the analysis 

included the Tumbang Runen Village community and the surrounding ecosystem, including 

rattan agroforestry established around the village.  More broadly, I also considered the 

continuing expansion of oil palm plantations and their impacts on ecosystem services. 

 

Each system analysed (ecological, cultural, and economic) involves many subsystem 

components.  However, the analysis presented here is limited to selected components. For 

example, ecological aspects in rattan agroforestry encompasses a wide range of biotic and 

non-biotic components.  In my analysis, the ecological component is focussed on vegetation 

biodiversity, litter, and soil. Cultural aspects selected for investigation include belief systems 

and traditions/customs. Economic components include production and consumption.  

 

The analysis of the interactions between ecology, economics, and culture emphasises rattan 

agroforestry as a traditional livelihood.  However, changes to forest management including 

the establishment of extensive monocultures of oil palms provides a basis for comparison 

(of ecosystem services). More generally, there is an interaction between broader ecological 

systems such as rivers, land, soil type, forest, and culture. 
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7.4.  Results  

7.4.1. Bundled Ecosystem Services 

 

Rattan agroforestry provides bundles of ecosystem services that present simultaneously. 

Previous Chapters (IV, V and VI) have established that rattan agroforestry generates 

regulating, cultural, and provisioning services. Regulating services assessed in my research 

included habitat provision, climate regulation, and soil erosion prevention. More than 100 

species of vegetation that form a forest-like structure and which support delivery of other 

ecosystem services are described in Chapter IV. Average above ground carbon stock was 

estimated to be 110.7 Mg/ha. This carbon stock exhibits the capability of rattan agroforestry 

to mitigate climate change and global warming: comparable with lowland secondary forest 

(see Chapter IV). The average surface root biomass of rattan agroforestry was estimated to 

be 8.2 gr/6.25.10-4 m3, demonstrating the capacity of rattan agroforestry to reduce 

sedimentation in nearby water courses (caused by surface run-off) (see Chapter IV).  

 

From the local community’s perspective, rattan agroforestry contributes to spiritual and 

heritage values, and to the existence and preservation of local knowledge. Rattan 

agroforestry serves to maintain the spiritual life of locals by providing resources and a place 

for rituals and ceremonies. Rattan agroforestry for local Tumbang Runen residents functions 

as a living monument, linking them to their ancestors. Rattan agroforestry, with all its 

components, acts as a medium for dissemination and transfer of traditional knowledge (see 

Chapter V).  

 

Subsistence livelihoods and a high dependency on natural resources are characteristics of 

the Tumbang Runen community.  Rattan agroforestry are therefore an important land use 

system. In addition to rattan, a wide range of products from rattan agroforestry are used for 

local consumption and/or sold at markets. Provisioning services of rattan agroforestry 

include construction materials, food, medicinal plants, fuel wood, handicrafts, cosmetics, 

fodder for livestock, latex, fishing tools, and boat-building materials. Given the situation in 

Tumbang Runen, where rattan forests are the main source of some of these products (e.g. 

fuel wood, fishing tools, boat), these provisioning services are obviously important to local 

communities (Table 7.2). 
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Table 7.2. Summary of ecosystem services provided by rattan agroforestry 

Regulating Ecosystem 

Services 

Cultural Ecosystem 

Services 

Provisioning Ecosystem 

Services 

● Conserve 

biodiversity/provide 

habitat 

- 101 vegetation species, 

97 species are natural 

forest species 

- Tree basal area is 21.9 

m2/ha 

● Climate regulation 

Above ground carbon 

stock in rattan 

agroforestry was 

comparable with 

secondary forest (110.7 

Mg/ha) 

● Prevent soil erosion  

- Average litter 

thickness was 1.96 cm  

- Average litter biomass  

185.2 gr/0.025 m2 

- Surface root 

biomas8.2 gr/5.25x10-

4 m3 

● Spiritual value related to 

rituals and ceremonies. 

Some vegetation in 

rattan agroforestry is 

used in rituals and 

ceremonies. Some 

vegetation considered as 

sacred 

 

● Rattan agroforestry 

considered as heritage 

and cultural identity, 

linking local community 

with their ancestors. 

 

 

● Preserve traditional 

knowledge related to 

management of rattan 

agroforestry and  

ethnobotanical 

knowledge   

● Provide source of food, 

medicinal plants, 

construction material, 

fuelwood, boat 

material, handicraft, 

fishing tools, fodder, 

rubber and cosmetics. 

 

 

● Economic value of 

provisioning services 

rattan agroforestry 

amounted AU$ 23,174 

per year or AU$ 252 

per household per year 

 

7.4.2.  Influence of the Ecological System on Ecosystem Services 

 
The presence of biodiverse vegetation in rattan agroforestry contributes to multiple 

ecosystem services, including regulating, cultural, and provisioning services. The 

biodiversity assessment, interviews with key informants, and house-hold surveys reported 

in earlier Chapters reveal that vegetation biodiversity is a key element of ecosystem service 

provision in rattan agroforestry. Vegetation biodiversity in rattan agroforestry underpins all 

identified ecosystem services including regulating services, cultural ecosystem services and 

provisioning services. Vegetation biodiversity is fundamental to ecosystem function 

including the provision of photosynthesis, energy flow, and water regulation. Furthermore, 

these ecosystem functions generate a wide range of regulating ecosystem services. For 

example, the process of photosynthesis generates climate regulation services by absorbing 

CO2 from the atmosphere and storing it in the form of vegetation biomass.  
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A layered canopy and relatively dense trees with diameters greater than 20 cm contributes 

to carbon storage and to mitigation of green-house gas emission in and by rattan agroforestry. 

Given burgeoning concerns over global warming, sustainable land use systems such as 

agroforestry play an important role. Above ground biomass in rattan agroforestry can store 

110.8 Mg carbon/ha, which equates to 406, 27 Mg of CO2 (Chapter IV).  Low intensity 

disturbance to maintain productivity (e.g. weeding and thinning) allows carbon storage and 

the maintenance of vegetation biomass.   

 

A study by Carlson (2012), described the establishment of oil palm plantations in forested 

areas in Indonesia between 1998-2008. Forested areas are preferable for oil palm because 

additional income is provided from the timber removed to establish plantations (Carlson et 

al, 2007, Sirait, 2009). Carlson (2012) reported that clearing above ground carbon accounted 

for 75% of total carbon emissions associated with oil palm plantations.  The total amount of 

carbon sequestered from the growth of oil palm is only 15% of the total emissions (Carlson, 

2012). Oil palm plantations established on peat land resulted in even higher carbon emissions 

(Fargiano et al., 2008). Over a 30-year period, 3304 tonnes of carbon dioxide were estimated 

to be released from conversion of one hectare of peat land to oil palm; and required 430-840 

years to restock the carbon through a reforestation program (Fargiano et al., 2008). 

 

Oil palm plantations are associated with considerable declines in biodiversity (Gillison & 

Lisnawati, 1999; Maddox, 2007). Due to loss of habitat, intensive oil palm cultivation 

threatens charismatic species including orangutan (Pongo pygmaeus), Sumatran tiger 

(Panthera tigris sumatrae) (FOE, 2004; Brown & Jacobson, 2005). 

 

The multilayered vegetation canopy in a rattan agroforestry also acts as an umbrella, 

preventing soil from disaggregating due to rainfall.  Furthermore, the roots of vegetation, 

particularly fine surface roots, form a net, binding soil and preventing soil erosion from 

surface runoff and therefore reduced sedimentation to water bodies.   Given the geographical 

characteristics of rattan agroforestry which are located on the river bank which is subject to 

erosion and flooding, this function provides important benefits to local communities (e.g. in 

sustaining vital fisheries).  

 

In contrast, land clearing during land preparation and oil palm establishment causes soil 

erosion due to: loss of land cover, exposure of soil to rain and wind, and increased surface 
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run off (Hartemink, 2005). The rate of soil erosion in mature oil palm plantations is estimated 

to be 7.7 – 14 tonnes/ha/year (Hartemink, 2005). 

 

Figure 7.3. Influence of ecological system on ecosystem services of rattan agroforestry. 

The red line shows the influence of plant biodiversity on ecosystem services, 

the brown line shows the influence of litter on ecosystem services and the 

yellow line shows the influence soil/water on ecosystem services. 

 

The influence of vegetation on regulating services is direct and does not require inputs from 

humans (Figure 7.3). The ecosystem has its own mechanisms to produce regulating services 

and to maintain its capacity and resilience. De Groot et al. (2012) claimed that in natural 

ecosystems, where human intervention is limited or absent, regulating services are relatively 

high and decrease with increasing human involvement. Unlike other ecosystem services such 

as provisioning and cultural ecosystem services, which require human input, regulating 

services function without human involvement.  
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Figure 7.3 depicts the relationship between vegetation and cultural ecosystem services. 

Vegetation in rattan agroforestry symbolizes the heritage and belief systems of the local 

community. Vegetation in rattan agroforestry articulates intergenerational memory, provides 

identity and guides local people’s livelihoods and practices for the traditional management 

of natural resources. Vegetation is considered to be a source of knowledge. A long and close 

relationship with the surrounding ecosystem has led to vast ethnobotanical knowledge 

among people in the local community. For example, traditional medicine (derived from local 

plants) is used to treat various type of illnesses including respiratory illness, dermatological 

diseases, stomach aches, tooth aches, and also cancer. I identified 21 species of plant that 

are utilised in traditional medicine (Chapter V). In addition, some vegetation in rattan 

agroforestry mediates communication between traditional practitioners and their gods and 

ancestral spirits. For example, sawang bahandang (Cordyline sp.) is believed to mediate 

blessings from spirits.  Lunuk trees (Ficus benyamina) are considered as places where spirits 

live and believers provide offerings at these trees. 

 

Vegetation in rattan agroforestry also provides tangible benefits. A wide range of vegetation 

based-products are generated within rattan agroforestry. These products are consumed to 

meet both subsistence and commercial needs. The role of vegetation and other natural 

resources in a rural community such as Tumbang Runen is essential, considering the limited 

availability of substitute products, and the difficulty associated with travel and access to 

markets. In total, local inhabitants make use of 91 vegetation species (Chapter VI) to fulfil 

their need for nutrients, materials, and energy.  

In contrast with rattan agroforestry, oil palm plantation offers only two products, the oil palm 

fruit and fodder. In some cases, farmers who have sold their rattan agroforests must meet 

their needs for fuel wood, medicinal plants, food and construction materials by purchasing 

these goods, rather than collecting them (Belcher et al., 2005).  
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7.4.3. Influence of Cultural Systems on Ecosystem Services 

 

My in-depth interviews with customary leaders revealed that cultural systems are key factors 

in determining benefits that local people receive from rattan agroforestry. Culture influences 

how members of the local society value their rattan agroforestry and natural resources 

around them; and determines what is valuable, appropriate, ethical and important. How 

ecosystem services are perceived and experienced by humans are shaped by culture.   Culture 

encompasses belief systems, customs, traditions, morals and ethics and inform a code of 

conduct in the practice of traditional land management and the utilization of natural 

resources. The value of natural resources (e.g. soil, water, timber, fruits) are not determined 

solely by their economic value, but are also shaped by customs, traditions and belief systems 

(Figure 7.4).  In some cases, the value of natural resources is determined more by cultural 

value than by economic value (Daniel et al., 2012; King 2012). 

 

Figure 7.4.  Influence of cultural system on ecosystem services of rattan agroforestry. 

The dark blue line shows the influence belief systems on ecosystem 

services, the light blue line shows the influence traditions on ecosystem 

services, and the purple line shows the influence of livelihoods on 

ecosystem services. 

 

Since the introduction of the policy that banned the export of raw rattan from Indonesia, the 

price of raw rattan received by farmers has decreased significantly and rattan agroforestry 

became economically unviable.  However, farmers still viewed rattan agroforestry as an 
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important land use system because of its cultural value. Local community members regarded 

rattan agroforestry as a part of the legacy from their ancestors. In addition, some trees in 

rattan agroforestry were considered to be culturally more valuable than their market value. 

For example, the timber price of Ficus benyamina was approximately AUD 50 per m3. 

However, farmers retain Ficus benyamina trees in their rattan agroforestry because it is 

considered sacred. 

 
Belief systems based in the Kaharingan culture guide local people’s use of vegetation in 

rattan agroforestry and in the wider natural ecosystem around them.  This belief system 

inspires the medicinal use of some plants. In at least some cases, the healing process from 

illness was not affected by chemical properties in the vegetation used as medicine but also 

influenced by faith. One of the respondents stated that “… very important to have faith, 

otherwise all the medicine will lose their capability to cure the illnesses. Just believe, and if 

God want your sicknesses will be cured” 

 

7.4.4. Influence of Economic Systems on Ecosystem Services 

 

Economic systems are directly linked to provisioning services. The need for basic materials 

such as food and energy motivates farmers to develop economic activities. Consumption 

activities related to rattan agroforestry involves direct consumption of raw products or 

consumption of processed products.  Direct consumption of raw products included some 

fruits, leaves, sprouts and seeds. For example, jambu agung (Syzygium malaccense), binjai 

(Mangifera caesa) and katapi (Mangifera caesa) are directly consumed by local people 

without any cooking processes. Other examples of direct consumption included the use of 

twigs and branches of wood as fuel. Traditional medicine made from vegetation in rattan 

garden usually involves some simple processing. The common methods for preparing 

medicines are boiling or grinding.  

 

Economic considerations influence household behaviour in determining the value of 

ecosystem services. Households valued provisioning services more than regulating services, 

because for them the value of provisioning services are more tangible. They can feel, taste, 

and sense the products from rattan agroforestry. In economic terms, rattan agroforestry still 

has value due to minor products available in these ecosystems.  
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Yanti, rattan farmers, 32 years old 

“ For our family, rattan garden still give us benefit even though we cannot 

get money anymore but I can still collect wood or fruits.  Once or twice a 

week I still go to my rattan garden to collect kalakai or young rattan and I 

cooked them to feed my family. I don’t understand about other benefit like 

carbon or climate, I ever heard about that from WWF, but I don’t 

understand it”  

The type of ecosystem services that benefit local inhabitants are related to livelihoods and 

household economies. For example, the utilization of rattan or some wood species for fishing 

tools reflects the common vocation of local men as fishers. For fuel wood traders, timber 

from kaluan (Vitex pubescen) trees was more valuable than trees which produce fruits or 

medicinal materials. For traditional healers, who sell traditional medicines or traditional 

cosmetics, bark from the Kananga (Kananga odorata) tree or sangeh (Buchanania 

arborescens) leaves were valued more highly than other types of provisioning services 

(Figure 7.5).  

 

Figure 7.5. Influence of economic systems on the ecosystem services of rattan 

agroforestry. The purple line shows the influence of livelihoods on 

ecosystem services, the red line shows the influence of production on 

ecosystem services and the black line shows the influence of 

consumptions/subsistence need on ecosystem services.  
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7.4.5. Feedback Loops: The Influence of Cultural and Economic Systems on Regulating 

and Provisioning Services 

 

In rattan agroforestry, cultural systems, economic systems and ecosystems are closely 

intertwined and co-evolved (Figure 7.6). Changes in the composition of rattan agroforests 

could lead to changes in cultural and economic systems.  

 

 

Figure 7.6. Feedback loops: influence of cultural and economic systems on 

regulating and provisioning services. The black line shows the 

influence of belief systems. Red lines show the influence of 

traditions. The green line shows the influence of  livelihoods. The 

blue line shows the influence of consumption/subsistence need. A 

higher number of arrows means a greater and broader influence. 

 

Culture and economics are two main driving factors for provisioning services of rattan 

agroforestry. The need for basic materials encourages local people to explore and manage 

their ecosystems. Guidance in how to do this is provided by cultural and moral systems. 

Local people clear the forest to plant (rice) paddies and rattan and, after seven to ten years, 



 159 

they can obtain various products such as food, timber, and vegetation that is used in 

handicrafts.  

 

Figure 7.6 shows that cultural systems including belief systems, world views and ways of 

life that affect ecosystem services through traditions/rituals, production, and consumption. 

Culture presents as the most influential factor in the feedback loop interactions.  The arrows 

in Figure 7.6 represent what type of systems in rattan agroforestry are influenced by 

corresponding systems. For example, belief systems seem to be more influential than other 

cultural systems in the rattan agroforestry, (e.g. tradition, livelihood).  Figure 7.6 shows that 

belief systems influence vegetation, traditions, livelihood, productions and consumption 

systems. Livelihoods have less influence on other systems compared with the belief system. 

Livelihood affects vegetation, production and consumption.  

 

Culture has an effect on the regulating services, affecting the capability of rattan agroforestry 

in providing habitat, storing CO2 and preventing soil erosion following rain and flood. 

Culture expressed through the management of rattan agroforestry defines the structure and 

composition of the vegetation in the agroforestry. Local wisdom influences the maintenance 

of the agroforestry. For example, farmers eliminate vegetation that disturbs the growth of 

rattan (e.g. big trees that shade the rattan vines) leaving most of the natural vegetation in 

situ. 

 

The Dayak belief system considers some trees to be sacred. Therefore, local inhabitants 

maintain such trees in rattan agroforestry even though they do not contribute economically 

and have the potential to constrain the growth of rattan.  This spiritual relationship has 

several consequences. The presence of large trees with strong branches and extensive 

canopies provide habitat for animals such as birds, orangutans, and squirrels. In addition, 

trees with large diameters also provides habitat for understorey species that contribute to the 

maintenance of plant biodiversity.   

 

Culture also has an impact on provisioning services by influencing the production and 

consumption activities. Preference for certain foods is influenced by the culture. Dayak 

people prefer vegetables with a bitter or sour taste. Thus, kaja (Dillenia excelsa) leaves, 

kalakai (Stenochlaena palustris) and sprouts of rattan (Calamus caesius) are favoured.  

Local people also prefer traditional medicine over modern medicine. For them, traditional 
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medicine has strong physiological effects because it is believed not only to cure sickness but 

also to carry blessings from ancient spirits. A preference for traditional medicine is also 

influenced by geography.  Access to modern medicines and health facilities is difficult for 

villagers.   

 

In many cases, economic considerations are strong drivers of anthropogenic change in 

ecosystem services. Establishment of rattan agroforestry by farmers was driven primarily by 

economic factors. Income from selling the cane of rattan supported household economies 

for generations. Although rattan cane no longer contributes significantly to income 

generation, rattan agroforestry remains a source of income by providing other products such 

as timber, fuelwood, handicraft and medicinal plants.  

 

Economic incentives are likely to influence farmers’ decisions in managing their rattan 

agroforestry. Attractive prices for rubber and the establishment of a rubber processing 

factory in Kasongan (the capital city of Katingan regency) have encouraged farmers to plant 

rubber trees in their rattan forests. The vegetation analysis showed that in abandoned rattan 

agroforestry, where farmers no longer harvest rattan cane, rubber was the dominant 

vegetation (Chapter IV). 

 

7.4.6. Rattan Trade Policy and Its Impact on Livelihood and Ecosystem Services of 

Rattan agroforestry 

 

The history of intervention on the rattan trade by the Indonesian government dates back to 

1979 when the Indonesian Ministry of Trade and Cooperation enacted ministerial decree No. 

492/Kp/VII/197. The policy banned export of any unprocessed rattan from Indonesia’s 

territories. Two main justifications for the policy were: to increase the potential for value 

adding from domestic furniture producers and to maintain the sustainability of rattan stock 

in the forests or rattan agroforestry. Before the regulation was introduced, rattan exporters 

from Indonesia preferred to sell raw rattan on the foreign market rather than manufacture 

products such as furniture. International markets offered better prices and accepted greater 

quantities than the domestic market. Accordingly, domestic furniture companies 

experienced shortages of good quality rattan and lobbied the government to reverse its policy 

on rattan (Meijaard et al., 2014).  
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In order to support the domestic rattan furniture industry, the government imposed 

restrictions on raw rattan export in 1997 and followed this with prohibition of the export of 

processed rattan in 1998. The government intended that these regulations would improve the 

rattan supply for the domestic market by reducing international competition.  

 

However, the outcomes of the new regulations were contrary to the intended outcomes. 

Following the ban, the price of rattan did not change significantly.  However, total sales of 

rattan fell from 2000 tonnes per month to 700 – 800 tonnes per month (Meijaard et al, 2014).  

The detrimental effect was felt most strongly by rattan farmers and rattan collectors who 

lived predominantly in rural areas with few options for alternative livelihoods (Mayer et al, 

2015) 

 

The government’s policies on rattan trade were criticized for favouring elite groups 

associated with furniture industries at the expense of rattan collectors in rural areas (Mayer 

et al, 2015; Dove; 1993; Biod & Manning, 2003). Such elite groups included the Association 

of Furniture Producers, led by Bob Hasan, a member of elite politic in Indonesia (Dove, 

1993; Mayer et al., 2015).  

 

The rattan export ban did not have the intended outcome of prevention of overexploitation 

of rattan (Mayer et al., 2015). Rattan harvest and cultivation were sustainable before the 

introduction of the trade restrictions (Siebert, 2001; Meijaard et al., 2014). Comparisons 

between the Annual Allowed Cut (AAC) and exported quantity show export quantities much 

lower than the AAC.  In 2007, AAC for rattan was 52,739 tonnes and the total amount 

exported was 22,254 tonnes (ITTO and Ministry of Forestry, 2007). Rattan collection 

processes are sustainable because only mature rattan is harvested. Young plants are left to 

grow.  This practice also had limited impact on forest structure. The decrease of rattan stocks 

that prompted the government’s concern is believed to have been caused by deforestation 

and forest fire (Siebert, 2001).  

 

The dynamics of rattan trade policy in Indonesia has been influenced by political 

circumstances and the needs of furniture companies. Table 7. 3 summarizes the rattan trade 

policies from 1997 until present.  
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Table 7.3. Various rattan trade policies applied historically in Indonesia, the relevance 

of each to rattan agroforestry and the reasons behind each the policy 

Year Ministerial Decrees Relevance to rattan agroforestry Reasoning 

1979 Decree of Minister 

of Trade and 

Cooperative No. 

492/Kp/VII/197  

Prohibited exports of any 

unprocessed rattan originating from 

Indonesia  

- Maintaining 

natural rattan 

stock 

- Support domestic 

furniture industry 

1988  

 

Decree of Minister 

of Trade No. 

274/Kp/X/86, and 

Decree of Minister 

of Trade 

1907KP/VI/88  

Prohibited exports of raw and semi- 

finished rattan from Indonesia  

- Maintaining 

natural rattan 

stock 

- Support domestic 

furniture industry 

1992  

 

Minister of Trade 

Decree No. 

179/Kp/VI/92  

 

Cancelled decrees No. 492/1979 

and No. 274/86, to allow the export 

of raw and semi- finished rattan and 

rattan products, but with an export 

tariff of USD 15/kg for 

unprocessed, washed, smoked or 

sulfurized rattan, and USD 107/kg 

for polished rattan, rattan core and 

peel, and rattan webbing  

Increasing 

government 

revenue from rattan 

trade 

1996  

 

Decree of Minister 

of Trade No. 

666/KMK/017/1996  

Cancelled export tariff of 1992  

 

Increasing volume 

of production of 

rattan 

1998  

 

Decree of Minister 

of Trade and 

Industry No. 

440/MPP/ 

Kep/4/1998; SK No. 

410/Kp/ XII/1988; 

and Decree of 

Minister of Trade 

and Industry No. 33/ 

Mpp/Kep/1998  

Following the Asian economic 

crisis and IMF intervention in 

Indonesia, many export restrictions 

were lifted. Various decrees 

allowed the export of dried, round 

rattan (rotan bulat) and rattan mats. 

Trade was relatively unrestricted 

between 1998–2004.  

 

 

Increasing GNP 

and foreign income 

2004  

 

Decree of Minister 

of Trade and 

Industry No.355/ 

MPP/ Kep/5/2004  

 

Prohibited the export of raw rattan 

and rattan from natural forest, but 

allowed the export of cultivated 

sega rattan (Calamus caesius) and 

irit rattan (Calamus trachycoleus) 

with a diameter of 4–16 mm. This 

decree also allowed the export of 

rotan bulat and polished rattan, 

including semi- finished rattan core 

Preserving forest 

rattan stock 
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Year Ministerial Decrees Relevance to rattan agroforestry Reasoning 

and peel.  

2005  

 

Regulation of the 

Ministry of Trade 

No. 12/M-

DAG/PER/6/2005  

 

Allowed the export of some types 

of rattan, but capped it at 25,000 

tons of raw rattan per year, 16,000 

tons of semi- finished rattan 

produced from sega and irit plants 

per year, and 36,000 tons per year 

of semi- finished rattan produced 

from other plants.  

Protecting material 

supply for domestic 

furniture industries 

2008/2009  

 

Regulation of The 

Ministry of Trade 

No. 28/M-DAG/ 

PER/7/2008;  

Regulation of The 

Ministry of Trade 

No. 33/M-

DAG/PER/7/2009 

and  

Regulation of The 

Ministry of Trade 

No. 36/M-

DAG/PER/8/2009  

These policies reiterated the 2005 

quotas, but required rattan 

producers from Kalimantan and 

Sulawesi to supply 70% of their 

production to the local market, with 

the remaining 30% for export. 

Producers from outside these areas 

were prohibited from exporting raw 

rattan; only semi- finished sega and 

irit rattan of specific diameters 

could be exported.  

Protect material 

supply for domestic 

furniture industries 

2011 

 

Regulation of The 

Ministry of Trade 

No. 35/M-DAG/ 

PER/11/2011  

Completely banned the export from 

Indonesia of raw rattan, round 

rattan, washed/sulfurized rattan and 

semi- finished rattan  

Maintain 

sustainable rattan 

utilisation and 

supply for furniture 

industry 

  Rattan products can only be export 

after verified and the cost for 

verification cover by government 

 

2012 Regulation of 

Ministry of Trade 

No.  64/M-

DAG/PER/10/2012  

Limited export quota 

Export only can be done  by 

company which have 

acknowledgment and legalised by 

government (Ekportir Terdaftar  

Product Industri Kehutanan) 

Rattan product should have legal 

document that verify it comes from 

legal and sustainable source 

Encourage legal 

and sustainable 

source of rattan to 

supply furniture 

industry  

 

Promote high 

quality and legal 

export and prevent 

trade of illegal 

products 



 164 

Year Ministerial Decrees Relevance to rattan agroforestry Reasoning 

2013 Regulation of 

Ministry of Trade 

No. 81/M-

DAG/PER/12/2013  

Changed regulation of Ministry of 

Trade No. 64/M-

DAG/PER/10/2012 about export 

product from forest industry 

Rattan products did not have 

obligation to have legal document.  

Simplify the 

process and 

regulation for 

rattan product and 

encourage the 

export product that 

come from legal 

and sustainable 

source.  

2014 Regulation of 

Ministry of Trade 

No. 97/M-

DAG/PER/12/2014  

Canceled Regulation of Ministry of 

Trade No.  64/M-

DAG/PER/10/2012 

Encourage good 

administration for 

forest product 

export and 

increasing export 

value by simplify 

the procedure for 

export 

2015 Regulation of 

Ministry of Trade 

No. 66/M-

DAG/PER/8/2015 

 

Regulation of 

Ministry of Trade 

No. 89/M-

DAG/PER/10/2015 

Change the Regulation of Ministry 

of Trade No. 97/M-

DAG/PER/12/2014 

Change the type and criteria of 

forest product that can be exported 

Rattan product not included in the 

changes 

Export of rattan products did not 

require legal document (legal and 

sustainable source) 

Increase effectivity 

of export procedure 

of forest products 

Increase the 

competitiveness 

forest product from 

Indonesia 

2016 Regulation of 

Ministry of Trade 

No. 25/M-

DAG/PER/4/2016 

Regulation of 

Ministry of Trade 

No. 84/M-

DAG/PER/12/201 

Changed Regulation of Ministry of 

Trade No. 89/M-

DAG/PER/10/2015 

Canceled Regulation of Ministry of 

Trade No. 89/M-

DAG/PER/10/2015   

 

Increase effectivity 

of export procedure 

 

Support export 

procedure 

effectivity by 

adjusted the 

regulation  

2017 Regulation of 

Ministry of Trade 

No. 12/M-

DAG/PER/2/2017 

Changed Regulation of Ministry of 

Trade No. 84/M-

DAG/PER/12/2016 

 

Adapted from Meijaard et al., (2014); Mayer et al., (2015) 
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7.4.6.1. Impact of The Ban of Raw Rattan Export on Local Community Livelihoods 

 

The policy that banned raw rattan export from Indonesia adversely affected rattan farmers 

and workers in Tumbang Runen. Interviews with rattan farmers in Tumbang Runen village 

revealed that the income from rattan significantly decreased below the level required to 

cover expenditure for daily needs.  Village elders described that before 1980 rattan was the 

main source of income for the Tumbang Runen community. The price of rattan at that time 

was AUD 25 – 27/quintal for rattan irit and sigi (compared with rice AUD 0.25/quintal) 

(interview with rattan farmer, 5 June 2015). In interviews (Chapter VI) one respondent stated 

that the income from selling rattan was more than enough for daily needs (e.g. rice, sugar, 

coffee, cooking oil) and sufficient to pay for education expenses for their children (e.g. living 

cost, transport and tuition fee).  More recently, the price of unprocessed rattan in the village 

was AUD 10.25 – 14.5 per quintal and the price of rice AUD 90 - per quintal.  

 

Teacher/rattan farmer, 45 years old 

“I remember that time my father could favoured me to go to university in 

Palangka Raya only by using income from rattan alone. That time people 

also making a living from fishing and farming, but the main income came 

from rattan. We had a prosperous life that time. The price of rice only about 

IDR 25,000 per quintal, so the money from rattan more than enough” 

 

Before the export ban, demand for unprocessed rattan was high.  Buyers came mostly from 

Sampit (a major town from which rattan is transported to Java). Usually buyers came to the 

village to buy rattan directly from farmers or from a village rattan collector. In between 

rattan harvest periods, local farmers were engaged in logging around village for example 

Punggu Alas, Sungai Runen Kurik, and Sungai Tatas.   

 

Following the rattan export ban the local community shifted their livelihoods to logging 

(cutting commercial trees in the forest). The locals cut and collected high-value tree species 

such as ramin (Gonystylus bancanus), ulin (Eusideroxylon zwagery) and bankirai (Shorea 

lavefolia).  In the early 1980’s logging concession companies started operating around 

Tumbang Runen village. From 1980 until 1994 the village leader reported six logging 

concession companies operating in lowland tropical forests around the village. The 

companies were PT. Nusantara Plywood, PT. Jayanti Jaya, PT. Maliku Utama, PT. Antang 



 166 

Kalang, PT. Sumber Aman and PT. Handayani.  Local people worked as employees of the 

companies or as independent tree fellers (who then sold logs to these companies). The 

logging boom attracted people from outside Katingan Regency such as from South 

Kalimantan and Java. Some respondents stated that this era was the “easy money era”. The 

locals used the income from logging to build houses and to buy household furniture.  

 

In the 1990s, rattan farmers still grew and harvested rattan to obtain income. Many rattan 

farmers were unaware of the export ban. They only knew that rattan traders bought a 

different type of rattan.   The rattan should be sigi (Calamus caesius) or irit (Calamus 

trachycoleus); dry and cut into lengths of 4 depa (6 m). Local traders valued rattan at AUD 

50 – 60 per quintal (100 kg) of rattan.  The intensity of logging activity decreased in the late 

1990s following the declining stock of useful trees.  During this time, only a few timber 

companies operated near Tumbang Runen. They were PT. Nusantara Plywood and PT. 

Sumber Aman. With the decline in logging the number of immigrants also decreased.  

 

In the 2000s, the rattan trade was based on only a few farmers who maintained rattan 

agroforestry and harvested rattan. Rattan traders from Kasongan occasionally bought rattan 

from farmers. The price of rattan ranged from AUD 80 - 90 per quintal for dry rattan. With 

low demand for rattan, revenue from rattan harvest was insufficient to cover daily expenses, 

especially since rice prices had increased significantly.  In 2004 the government enforced a 

ban on logging activities. The nexus of rattan price dynamics, livelihood adaptation, and key 

events are presented in Figure 7.7.  
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Figure 7.7.   The history of major events relating to rattan forestry over the 1990s until 2010  and associated fluctuations  of prices of rattan 

and rice. Data were obtained from focus group discussions and interview
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In response to the combined effect of low rattan prices and the ban on logging, local 

communities in Tumbang Runen had few livelihood options.  In the 1990s, fishing began as a 

commercial activity (before this time it was only a minor source of income for villagers). 

Traders from Bajarmasin (the capital city of South Kalimantan) provided a market. The traders 

reached the village by traveling along the Katingan river by motorized boat.  They bought fresh 

harwan (Chana striata) and tauman (Chana micropeltes), papuyu (Anambas testudineus) and 

salted lais and seluang (Rasbora argyrotaenia).  

 

Some villagers became involved in gold mining activities. However, villagers were concerned 

that pollutants and soil excavation (including sedimentation) would negatively impact fish 

populations. Thus, in 2014 the community of Tumbang Runen agreed to stop mining activities 

in their village.  

 

By 2015, harvesting rattan was no longer economically feasible in Tumbang Runen. In one 

day’s work a harvester could collect about 50 Kg of rattan, worth about AUD 5 exclusive of 

transport and other costs. Thus, locals adopted fishing and working as employees in the oil 

palm company near the village as their key livelihoods.  Figure 7.8 presents a comparison of 

incomes from different livelihoods. 

 

 

Figure 7.8. Comparison of incomes from different activities in Tumbang Runen Village. 

Data from interviews with rattan farmers in June 2015.  
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7.4.6.2. Impact of The ban of Raw Rattan Export on Ecosystem Services of Rattan 

Agroforestry 

 

The consequences of banning raw rattan export have included a trade-off in ecosystem services 

of rattan agroforestry. My research has shown that the ecosystem services provided by rattan 

agroforestry are interlinked across ecological, cultural, and economic systems. Changes in 

livelihoods from rattan farming to fishing, gold mining and working at oil palm companies will 

influence ecosystem services in rattan agroforestry.  

 

Some farmers still conduct maintenance activities within their rattan agroforests, such as 

clearing shrubs and felling of large, overshadowing trees. These practices have an impact on 

the structure and composition of the vegetation. Canopy gaps created from tree clearing 

provides space for juvenile trees and for understorey vegetation. In abandoned rattan 

agroforestry, where farmer interventions are no longer taking place, the structure and 

composition of vegetation follow natural succession.   In this situation, rattan agroforests 

develop into secondary forests. Where rattan agroforests are converted into oil palm 

plantations, the structure and composition of vegetation are changed. In order to establish oil 

palm plantations, all vegetation in the rattan agroforestry is cleared and burned. Various 

vegetation species encompassing trees, lianas, ferns, and shrubs are replaced by a single 

monoculture, oil palm and shrubs (Chapter IV). Land clearing and burning reduced biodiversity 

and caused detrimental effects such as green-house gases emissions, soil erosion, and water 

pollution (as discussed below).  

 

Differences in regulating services across the three scenarios (rattan, abandoned rattan, and oil 

palm plantation) were analysed using the number of vegetation species, numbers of tree with 

diameters of more than 50 cm, above ground carbon stock and density of trees with diameter 

greater than 5 cm as indicator measures (Chapter IV).  In general, abandoned rattan showed 

increased delivery of regulating services compared with the other two scenarios. Natural 

succession increases the number of species, large tree density, and above ground carbon stock.  

This result is consistent with the theory developed by De Groot et al. (2012) which states that 

regulating services are higher in natural ecosystems with no human intrusion and tend to 

decline in human-managed ecosystems.   
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Conversion of rattan agroforestry into oil palm plantations decreases regulating services 

dramatically. All regulating services indicators measured were severely reduced or even absent 

in oil palm plantations. Above ground carbon stock decreases from 143 Mg/ha in abandoned 

rattan agroforestry to less than 2 Mg/ha in oil palm plantations (Chapter IV): equivalent to 517 

Mg CO2 emission. Density of trees in oil palm plantations decreases from 1500 stems per ha 

(more than 100 vegetation species) to about 200 stems (oil palm) per ha. Loss of biodiversity 

will reduce or eliminate regulating services including climate regulation and habitat provision.   

The rate of soil erosion for oil palm plantations is likely to increase following reduction of the 

forest litter layer and surface biomass. Comparison of some ecological indicators between 

harvested rattan agroforestry (HRA), abandoned rattan agroforestry (ARA), and oil palm 

plantations (OP) are presented in Figures 7.9, 7.10, and 7.11.  

 

 

 

Figure 7.9. Comparison of the number of plant species in three different scenarios 

(Harvested Rattan Agroforestry (HRA), Abandoned Rattan Agroforestry 

(ARA) and Oil Palm Plantation (OP). Number of plant species is the total 

across all plots (n=8) (Chapter IV) 

 

 

79
83

4

0

10

20

30

40

50

60

70

80

90

HRA ARA OP

N
u
m

b
er

 o
f 

p
la

n
t 

 s
p
ec

ie
s

Land use system



 171 

 

Figure 7.10. Comparison of number of trees with diameters greater than 50 cm in three 

different scenarios (Harvested Rattan Agroforestry (HRA), Abandoned 

Rattan Agroforestry (ARA), and Oil Palm Plantation (OP) 

 

 

 

Figure 7.11. Comparison of above-ground carbon stock in three different scenarios: 

(Harvested Rattan Agroforestry (HRA), Abandoned Rattan Agroforestry 

(ARA) and Oil Palm Plantation (OP). Data are means with standard error 

 

Conversion of rattan agroforestry into oil palm plantations in most cases causes losses of 

cultural and regulating ecosystem services. The high economic return from oil palm plantations 

could encourage conversion of land from rattan agroforestry. Cultural services provided by 

rattan agroforestry are mostly linked to specific features, species, or histories of rattan 

agroforestry. Most of the cultural services are irreplaceable (Plieninger et al., 2015). Sacred 

trees, memories of the past, connection with ancestors, and traditional ecological knowledge 
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are examples of cultural ecosystem services that are lost following conversion of rattan 

agroforestry to oil palm plantations.   

 

Other studies have also reported a negative impact of oil palm plantations on the socio-cultural 

life of local communities (Sheil, 2006; Belcher et al., 2005; Sirait, 2009; Marti, 2008). The 

socio-cultural impact of oil palm plantations is caused mainly by a loss of rights and valued 

resources for local communities; and of unequal distributions of the (largely ecological and 

social) costs and the (largely economic) benefits associated with oil palm plantations. 

Conversion of forests or agroforestry systems into oil palm plantations affects local people’s 

livelihoods and access to various forest products (Sheil, 2006). As a result, forest dependent 

communities experience difficulties in meeting their requirements for food, fuel wood and 

timber (Belcher et al., 2005). In some cases, oil palm companies did not fully recognise the 

rights of indigenous communities; meaning that people were separated from their ancestral 

lands, and from the customary and cultural systems important to their wellbeing (Sirait, 2009).  

 

Land acquisition processes often cause erosion of local culture, and conflict among community 

members (Marti, 2008; Sirait, 2009). Usually, oil palm companies form a task force  

comprising local community members and representatives of the oil palm company.  The task 

force bargains with local communities (typically village leaders and other elites) for land 

acquisition. This action often alienates many community members and causes considerable 

social conflict (Sirait, 2009).  

 

Oil palm companies typically hire workers from Java, Sumatra, or Sulawesi.  These workers 

are familiar with plantation systems (Sheil, 2006).  Local people, whose traditional lifestyle 

involves various activities collecting forest products, experience difficulties coping with the 

monotonous and tight schedules associated with working at oil palm plantations.  Thus, local 

people are usually employed only for unskilled work (e.g weeding, applying fertilizer). The 

resulting gap in payment between migrant workers from Java, Sumatra or Sulawesi, and 

indigenous and local people tends to also create social conflict (Sirait, 2009; Sheil, 2006; Marti, 

2008; FOE, 2008). 

 

For the people of Tumbang Runen, forest trees and rattan are more than just cultivation 

commodities, they symbolize the presence and blessings of their parents. Rattan agroforestry 

in Tumbang Runen have been cultivated for at least three generations. Almost all the trees and 
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rattan in these forests were planted by the fathers or grandfathers of current owners. Trees 

which were planted by older generations serve as shrines to their memories.  The loss of 

connection with previous generations may have crucial effects on the lives, livelihoods and 

lifestyles of the current generation. The belief system of the Dayak people emphasizes living 

in harmony with nature.  This belief has encouraged sustainable maintenance of biodiversity 

in rattan agroforestry and in other natural ecosystems. Disconnection with the values and 

principles of older generations is likely to change the way that natural resources are managed. 

Economic motives and market mechanisms could replace the wisdom of Dayak people with 

destructive exploitation of natural resources as is currently occurring with the widespread 

planting of oil palm.    

 

The local community has strong generational knowledge that is transmitted through practiced 

management of rattan agroforestry. A respondent suggested that young people in the village 

have lost knowledge related to rattan cultivation (and associated biodiversity conservation). 

Furthermore, the younger generation are attracted to emerging employment opportunities 

particularly those offered in oil palm plantations.  

 

Knowledge of traditional medicine may be less affected by conversion of rattan agroforestry 

into other land use systems. Materials for traditional medicine are not exclusively derived from 

rattan agroforestry. These materials can also be obtained from other forests and gardens. 

However, with increasing deforestation and forest fire events, there is a potential for further 

decrease in access to vegetation used in traditional medicine. Unlike rattan agroforestry that is 

privately owned, forests are considered as a common property resource open to access for 

traditional medicines.   

 

Rattan agroforestry provides multiple products for both subsistence and commercial needs of 

the local community. Conversion of rattan agroforestry into other types of utilization reduces 

or removes these products.  Some products derived from rattan agroforestry can be substituted 

with products from the forest or from markets. Therefore, provisioning services are less 

affected by conversion of rattan agroforestry to other land uses.  Fuelwood from trees such as 

hampuak (Baccaurea bracteata), kaluan (Vitex pubescen), and keput bajuku (Stemonurus 

scorpioides) can be found not only in rattan agroforestry, but also from gardens or natural 

forests. Some respondents in the household survey stated that traditional fuels are being 



 174 

replaced with gasoline or petroleum gas. However, these fuels are accessible only to prosperous 

households:  most of the community in Tumbang Runen rely on fuelwood for cooking.  

 

 

7.4.7. Comparison of Economic Benefits and Social Costs Associated with Rattan 

Agroforestry and Oil Palm Plantation 

 

The economic return from oil palm plantations is clearly higher than from rattan agroforestry 

(Sumarga & Hein, 2016).  Research by Suwarno et al., (2016) showed that oil palm plantations 

in Central Kalimantan provide more employment than rattan agroforestry: 107 person 

days/ha/year compared with 3 person days/ha/year.  

 

Taking into account the social and environmental costs of oil palm plantations that come from 

deforestation and the associated CO2 emissions and loss of non-timber forest, the economic 

benefit of oil palm plantations is reduced considerably.  Sumarga and Hein (2016) calculated 

the social costs associated with palm oil plantations to be € 627.4 million/year; much higher 

than the economic benefit (which they reported as €1.5 billion/year) (Sumarga & Hein, 2016). 

Their research considered only the costs associated with carbon dioxide emissions (which 

arguably have an ecological as well as a social cost) and loss of non-timber forest products 

(which arguably have ecological, social, and economic costs). Cultural values were not 

considered.  

 

The establishment of both rattan agroforestry and oil palm plantations involve forest clearing. 

Usually rattan agroforestry begins with clearing a patch of forest (0.5 – 1 ha) near the village. 

After clearing and burning, the land is planted with rice and rattan. Oil palm is established on 

most types of land including shrubland, agroforestry systems, or native forest. Native forest is 

preferred for oil palm because it provides additional income from the harvested timber. Carbon 

lost from forest conversion for rattan agroforestry was estimated to be 220 Mg/ha (Katto-same, 

1997), whereas clearing for oil palm plantation releases 610 Mg/ha (Danielson, 2008).  The 

discrepancy is due to the differences in  the management system and in thevegetation 

regeneration process. Oil palm follows a monoculture system where natural succession is 

prevented. Rattan agroforestry relies on traditional ecological knowledge and on the 

maintenance of multiple species. A comparison the costs and benefits of rattan agroforestry 

with oil palm plantations is summarised in Table 7.4. 



 175 

Table 7.4. Comparison of economic benefits and social costs of rattan agroforestry and 

oil palm plantation.  

Parameter Rattan 
Agroforestry 

Oil Palm Plantation Reference 

Annual resource rent € 82/ha/year € 622/ha/year Suwarno et al., 

2016 

 

Employment  3 person 
days/ha/year 

107 person 
days/ha/year 

Suwarnoet al., 
2016 
 

Carbon lost from forest 
conversion 

220 Mg/ha 610 Mg/ha Katto-same, 1997 
Danielson, 2008 
 

Estimated economic 
value in Central 
Kalimantan  
 

€ 35.2 million 
/year 

€ 627.4 million/year Sumarga & Hein, 
2016 
 

Social cost related to 
CO2 emission and loss 
of non-timber forest 
products  

 € 1.5 billion/year Sumarga & Hein, 
2016  

 

The analyses presented above suggest that rattan agroforestry is more beneficial for cultural 

and regulating ecosystem services than oil palm plantations. Table 7.5 shows that rattan 

agroforestry has a positive effect on all indicators including income, employment, timber, non-

timber forest products, carbon sequestration, biodiversity conservation, soil erosion prevention, 

social cohesion, traditional knowledge, and spiritual life. In contrast, oil palm plantations have 

positive effects on only two of the nine indicators examined i.e. income and employment.  
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Table7.5. Comparison of the impact of rattan agroforestry and oil palm plantation on 

economic, ecological and social/cultural indicators 

Indicator 
Oil Palm Plantation Rattan Agroforestry 

Reference 

Positive Negative Positive Negative 

Income 
   

 • Suwarno et al.,  2016 

• Belcher et al., 2005 

Employment      Suwarnoet al. 2016 

Timber  
   

 • Present Study (Chapter 

VI) 

• Belcher et al., 2005 

Non-timber 
forest product 
(e.g. medicine 
plant, food, 
fuel wood etc.) 

   

 • Present Study (Chapter V 

and VI) 

• Sumarga & Hein, 2016 

Carbon 
sequestration  

   

 • Present Study (Chapter 

IV) 

• Katto-same, 1997 

• Danielson, 2008 

Biodiversity 
conservation 

   
 Present Study (Chapter IV) 

Soil erosion 
prevention  

   
 Present Study (Chapter IV) 

Social cohesion  

   

 • Present Study (Chapter 

V) 

• Sirait, 2009 

• Sheil, 2006 

Traditional 
knowledge    

 • Present Study (Chapter 

V) 

• Marti, 2008 

Spiritual life 

   

 • Present Study (Chapter 

V) 

• Sirait, 2009 

• Marti 2008 
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7.5. Discussion 

 

Empirical evidence generated from my research suggests that rattan agroforestry is a potential 

strategic solution to address the livelihood requirements of growing human populations  in the 

context of ongoing deforestation and environmental degradation in Central Kalimantan. On the 

one hand, growing demand for food, energy and forest resources requires intensification in 

natural resources management. On the other hand, there is a need to conserve ecosystems in 

order to sustain their capacity for provision of ecosystem services. In many practices around 

the world, these two conflicting needs create trade-offs. Endeavours to increase food 

production through expansion of agricultural land has depleted regulating services such as soil 

erosion prevention, fresh water purification, and climate regulation (Bennett & Balvanera, 

2007; Carpenter et al., 2009; MA, 2005). The main challenge in governing natural resources is 

creating a balance between the short-term fulfilment of human needs and the maintenance of 

processes that support ecosystem services.  Rattan agroforestry offers an alternative. A wide 

range of products including rattan, timber, fuelwood, and medicinal plants meet local 

community needs to maintain their welfare. Equally important, rattan agroforestry with its 

complex structure and composition also serve essential ecological functions constituting 

habitat provision, climate regulation, and erosion/ flood prevention.  

 

Environmental degradation, caused mainly by deforestation and forest fire, is in a critical state 

in Central Kalimantan and requires an immediate solution. The annual loss of forests from 

Central Kalimantan is about 514,000 ha (Gunarso et al., 2013) and this is predicted to continue 

(Sayer, 2006; Sheil et al., 2009). Continued expansion of oil palm plantations will severely 

exacerbate habitat loss and impact populations of globally-significant wildlife species 

including orang-utan (Sumarga & Hein, 2016)  

 

Deforestation and degraded land also promotes forest fire (Juarez-Orozco et al., 2017). 

Extreme dry seasons and El-Nino conditions in 1997 have led to fires in almost all types of 

forest in Kalimantan and Sumatra (Barber & Schweithelm, 2000). Furthermore, forest fires 

severely affected human health (Frankenberg et al, 2005. The cost of fires in Indonesia in 2015 

was estimated to be USD 16 billion. These costs were calculated from the costs associated with 

disruptions to transport and trade, health problems, emissions of greenhouse gases (GHGs), 

forced school closures, and loss of tourism revenue (Glauber & Gunawan, 2015).  
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Rattan agroforestry assists in avoiding harmful forest fires (discussion section Chapter IV). 

Rattan agroforestry are maintained and protected by farmers. Farmers usually monitor their 

agroforests during the dry season, and attempt to eliminate any fire immediately. In addition, 

the multilayered canopy and dense understorey surface cover of rattan agroforestry maintains 

the hydrological cycle and preserves soil humidity, thus reducing the likelihood of fire taking 

hold.  

 

Despite the convincing empirical evidence which demonstrates the benefits of rattan 

agroforestry, this traditional land use system is often neglected by government and other 

decision makers as an appropriate land use strategy. Rather, an emphasis has been on increasing 

revenue from oil palm plantations. This is reflected in the increasing number of permits given 

to oil palm companies to establish new plantations (Ministry of Agriculture, 2011). 

Incorporating the ecological, cultural and economic significance of rattan agroforestry into 

decision making is quite challenging. 

 

Identifying how ecological, cultural and economic systems interact and influence ecosystem 

services in rattan agroforestry is an important step in incorporating the conservation of rattan 

agroforestry into policy.  The fact that ecosystem services are generated from complex dynamic 

interactions between humans and their environment could provide a significant contribution to 

the development of more adaptive and effective policies relating to rattan trade and cultivation.   

 

Regulating and cultural services are less available in oil palm plantations than in rattan 

agroforestry systems. Among the regulating services which are reduced in oil palm plantations 

are: carbon dioxide sequestration, provision of habitat, and erosion control services. These 

services are essential not only for local communities and endemic fauna but also for global 

communities. Forested areas such as rattan agroforestry are precious and important in 

addressing concerns related to global warming which have grown in recent decades. The 

balance of global ecosystems that support life on earth depend on t forest ecosystems. Thus, 

global communities encourage conservation of forested areas especially in the tropics (DeFries 

& Bounoua, 2004). 

 

My research has shown that rattan agroforestry offers a wider range of benefits than oil palm 

plantations. However, rattan agroforestry is less preferred than oil palm plantations because the 

latter offers greater economic benefits. Government and other stakeholders should shift the 
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natural resource management paradigm from one that is focussed predominantly on short term 

economic benefits to one which also considers ecosystem services, particularly those which 

provide ecological and cultural benefits. Through the application of the ecosystem services 

concept, where both tangible and intangible benefits are considered, natural resource managers 

can optimize benefits for multiple stakeholders. Potential trade-offs may be identified and 

strategic plans can be developed to minimise environmental and social cost.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 180 

REFERENCE LIST 

 
 

Achard, F., Beuchle, R., Mayaux, P., Stibig, H. J., Bodart, C., Brink, A., . . . Eva, H. D. (2014). 

Determination of tropical deforestation rates and related carbon losses from 1990 to 

2010. Global change biology, 20(8), 2540-2554.  

Ahrends A., Burgess N.D., Milledge S.A.H., Bulling M.T., Fisher B, Smart J.C.R., Clarke G.P., 

Mhoro B.E, Lewis S.L. (2010). Predicable waves of sequential forest degradation and 

biodiversity loss spreading from an African city. Proc Natl Acad Sci U S A 2010, 

107:14556-14561  

Alam, M. (2012). Valuation of tangible benefits of a homestead agoforestry system: a case 

study from Bangladesh. Human ecology, 40(4), 639-645.  

Alavalapati, J., Nair, P., & Barkin, D. (2001). Socioeconomic and institutional perspectives of 

agroforestry World forests, markets and policies (pp. 71-83): Springer. 

Albrecht, A., & Kandji, S. T. (2003). Carbon sequestration in tropical agroforestry systems. 

Agriculture, Ecosystems & Environment, 99(1), 15-27.  

Alves L.F., Vieira S.A., Scaranello M.A., Camargo P.B., Santos F.A., Joly C.A., Martinelli 

L.A. (2010). Forest structure and live aboveground biomass variation along an 

elevational gradient of tropical Atlantic moist forest (Brazil).  Ecology Management 

260:679–691  

Angelsen, A., & Wunder, S. (2003). Exploring the forest–poverty link: key concepts, issues 

and research implications. Retrieved from  

Arifin, Y. F. (2006). Traditional Agroforestry Systems As An Alternative To Rehabilitate 

Unproductive Lands In Kalimantan. Development of animal health and production for 

improving the sustainability of livestock farming in the integrated agriculture systems, 

93.  
Atangana, A., Khasa, D., Chang, S., Degrande, A. 2014. Tropical Agroforestry. Springer 

Publisher  
Baderan, d. w. (2013). Economic Valuation Model as the Basis for Rehabilitating Mangrove 

Forest Damage Along the Coastal Area in Kwandang North Gorontalo, Gorontalo 

Province. Gadjah Mada University, Jogjakarta.    

Baier, M. (2007). The Development of a New Religion in Kalimantan, Central Borneo. Asian 

Anthropology, 6(1), 169-182.  

Baldwin, J. R., Faulkner, S. L., Hecht, M. L., & Lindsley, S. L. (2006). Redefining culture: 

Perspectives across the disciplines: Routledge. 

Balvanera, P., Daily, G. C., Ehrlich, P. R., Ricketts, T. H., Bailey, S.-A., Kark, S., . . . Pereira, 

H. (2001). Conserving biodiversity and ecosystem services. Science, 291(5511), 2047-

2047.  

Balvanera, P., Pfisterer, A. B., Buchmann, N., He, J. S., Nakashizuka, T., Raffaelli, D., & 

Schmid, B. (2006). Quantifying the evidence for biodiversity effects on ecosystem 

functioning and services. Ecology letters, 9(10), 1146-1156.  

Barber, C. V., & Schweithelm, J. (2000). Trial by fire. World resources institute, Washington, 

DC.  

Bastian, O., Syrbe, R.-U., Rosenberg, M., Rahe, D., & Grunewald, K. (2013). The five pillar 

EPPS framework for quantifying, mapping and managing ecosystem services. 

Ecosystem Services, 4, 15-24.  

Basuki, T., Van Laake, P., Skidmore, A., & Hussin, Y. (2009). Allometric equations for 

estimating the above-ground biomass in tropical lowland Dipterocarp forests. Forest 

Ecology and Management, 257(8), 1684-1694.  



 181 

Bauer, H. H. (1990). Barriers Against Interdisciplinarity: Implications for Studies of Science, 

Technology, and Society (STS. Science, Technology, & Human Values, 15(1), 105-

119.  

Belcher, B. (2001). Rattan cultivation and livelihoods: the changing scenario in Kalimantan.  

Belcher, B., Imang, N., & Achdiawan, R. (2004a). Rattan, rubber, or oil palm: cultural and 

financial considerations for farmers in Kalimantan. Economic Botany, 58(sp1), S77-

S87.  

Belcher, B., Imang, N., & Achdiawan, R. (2004b). Rattan, rubber, or oil palm: cultural and 

financial considerations for farmers in Kalimantan. Economic Botany, 58, S77-S87.  

Belcher, B., Michon, G., Angelsen, A., Ruiz Pérez, M., & Asbjornsen, H. (2005). The 

socioeconomic conditions determining the development, persistence, and decline of 

forest garden systems. Economic Botany, 59(3), 245-253.  

Benbasat, I., Goldstein, D. K., & Mead, M. (1987). The case research strategy in studies of 

information systems. MIS quarterly, 369-386.  

Bennett, E. M., & Balvanera, P. (2007). The future of production systems in a globalized world. 

Frontiers in Ecology and the Environment, 5(4), 191-198.  

Bennett, E. M., Cramer, W., Begossi, A., Cundill, G., Díaz, S., Egoh, B. N., . . . Lazos, E. 

(2015). Linking biodiversity, ecosystem services, and human well-being: three 

challenges for designing research for sustainability. Current Opinion in Environmental 

Sustainability, 14, 76-85.  

Bennett, E. M., Peterson, G. D., & Gordon, L. J. (2009). Understanding relationships among 

multiple ecosystem services. Ecology letters, 12(12), 1394-1404.  

Berkes, F. (1999). Sacred Ecology: Traditional Ecological Knowledge and Resource 

Management: Taylor and Francis Publishing. . 

Bizard, V. (2013). Rattan Futures in Katingan: Why Do Smallholders Abandon or Keep Their 

Gardens in Indonesia's ‘Rattan District’. Retrieved from  

Blackham, G. V., Thomas, A., Webb, E. L., & Corlett, R. T. (2013). Seed rain into a degraded 

tropical peatland in Central Kalimantan, Indonesia. Biological conservation, 167, 215-

223.  

Bohn, J. L. (2010). Mayan land management, biodiversity, and ecosystem restoration near the 

Calakmul Biosphere Reserve: State University of New York College of Environmental 

Science and Forestry. 

Bohn, J. L., Diemont, S. A., Gibbs, J. P., Stehman, S. V., & Vega, J. M. (2014). Implications 

of Mayan agroforestry for biodiversity conservation in the Calakmul Biosphere 

Reserve, Mexico. Agroforestry systems, 88(2), 269-285.  

Boyd, J., & Banzhaf, S. (2007). What are ecosystem services? The need for standardized 

environmental accounting units. Ecological economics, 63(2), 616-626.  

BPS (Central Statistic Agency). 2018. Central Kalimantan province in number 

Braat, L. C., & de Groot, R. (2012). The ecosystem services agenda: bridging the worlds of 

natural science and economics, conservation and development, and public and private 

policy. Ecosystem Services, 1(1), 4-15.  

Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative research 

in psychology, 3(2), 77-101.  

Brewer, J., & Hunter, A. (1989). Multimethod Research: A Synthesis of Styles.: Sage 

Publications. . 

Brislin, R. W., & Kim, E. S. (2003). Cultural diversity in people's understanding and uses of 

time. Applied Psychology, 52(3), 363-382.  

Broich, M., Hansen, M., Stolle, F., Potapov, P., Margono, B. A., & Adusei, B. (2011). 

Remotely sensed forest cover loss shows high spatial and temporal variation across 



 182 

Sumatera and Kalimantan, Indonesia 2000–2008. Environmental Research Letters, 

6(1), 014010.  

Broto, V. C., Gislason, M., & Ehlers, M.-H. (2009). Practising interdisciplinarity in the 

interplay between disciplines: experiences of established researchers. Environmental 

Science & Policy, 12(7), 922-933.  

Brown, J., & Neil, M. (2011). A site-based approach to delivering rangeland ecosystem 

services. The Rangeland Journal, 33(2), 99-108.  

Brown, K. (1994). Approaches to valuing plant medicines: The economics of culture or the 

culture of economics? Biodiversity and conservation, 3(8), 734-750.  

Brown, S. (2002). Measuring carbon in forests: current status and future challenges. 

Environmental pollution, 116(3), 363-372.  

Brown, S., & Lugo, A. E. (1990). Tropical secondary forests. Journal of tropical ecology, 6(1), 

1-32.  

Buanes, A., & Jentoft, S. (2009). Building bridges: Institutional perspectives on 

interdisciplinarity. Futures, 41(7), 446-454.  

Burkhard, B., Crossman, N., Nedkov, S., Petz, K., & Alkemade, R. (2013). Mapping and 

modelling ecosystem services for science, policy and practice: Elsevier. 

Burkhard, B., de Groot, R., Costanza, R., Seppelt, R., Jørgensen, S. E., & Potschin, M. (2012). 

Solutions for sustaining natural capital and ecosystem services: Elsevier. 

Butler, R.A., Koh, L.P. and Ghazoul, J. (2009).  REDD in the red: palm oil could undermine 

carbon payment schemes. Conservation Letters, in Press. doi: 10.1111/j.1755- 

263X.2009.00447.x.  

Byron, N., & Arnold, M. (1999). What futures for the people of the tropical forests? World 

development, 27(5), 789-805.  

Camou-Guerrero, A., Reyes-García, V., Martínez-Ramos, M., & Casas, A. (2008). Knowledge 

and use value of plant species in a Rarámuri community: a gender perspective for 

conservation. Human ecology, 36(2), 259-272.  

Caniago, I., & Stephen, F. S. (1998). Medicinal plant ecology, knowledge and conservation in 

Kalimantan, Indonesia. Economic Botany, 52(3), 229-250.  

Cardinale, B. J., Duffy, J. E., Gonzalez, A., Hooper, D. U., Perrings, C., Venail, P., . . . Wardle, 

D. A. (2012). Biodiversity loss and its impact on humanity. Nature, 486(7401), 59-67.  

Cardinale, B. J., Matulich, K. L., Hooper, D. U., Byrnes, J. E., Duffy, E., Gamfeldt, L., . . . 

Gonzalez, A. (2011). The functional role of producer diversity in ecosystems. American 

journal of botany, 98(3), 572-592.  

Carlson, K. M., Curran, L. M., Asner, G. P., Pittman, A. M., Trigg, S. N., & Adeney, J. M. 

(2013). Carbon emissions from forest conversion by Kalimantan oil palm plantations. 

Nature Climate Change, 3(3), 283-287.  

Carlson, K. M., Curran, L. M., Ratnasari, D., Pittman, A. M., Soares-Filho, B. S., Asner, G. P., 

. . . Rodrigues, H. O. (2012). Committed carbon emissions, deforestation, and 

community land conversion from oil palm plantation expansion in West Kalimantan, 

Indonesia. Proceedings of the National Academy of Sciences, 109(19), 7559-7564.  

Carlsen B. & Glenton C. (2011) What about N? A methodological study of sample-size 

reporting in focus group studies. BMC Medical Research Methodology 11, 26.  

Carolan, C. M., Forbat, L., & Smith, A. (2016). Developing the DESCARTE Model: The 

design of case study research in health care. Qualitative health research, 26(5), 626-

639.  

Carpenter, S. R., Mooney, H. A., Agard, J., Capistrano, D., DeFries, R. S., Díaz, S., . . . Pereira, 

H. M. (2009). Science for managing ecosystem services: Beyond the Millennium 

Ecosystem Assessment. Proceedings of the National Academy of Sciences, 106(5), 

1305-1312.  



 183 

Carpenter, S. R., Pingali, P. L., Bennett, E. M., & Zurek, M. B. (2005). Ecosystems and Human 

well-being: scenarios, volume 2.  

Castro, A. J., Verburg, P. H., Martín-López, B., Garcia-Llorente, M., Cabello, J., Vaughn, C. 

C., & López, E. (2014). Ecosystem service trade-offs from supply to social demand: A 

landscape-scale spatial analysis. Landscape and Urban Planning, 132, 102-110.  

Cavendish, W. (2002). Quantitative methods for estimating the economic value of resource use 

to rural households. Uncovering the hidden harvest: valuation methods for woodland 

and forest resources, 17-63.  

Chan, K. M., Hoshizaki, L., & Klinkenberg, B. (2011). Ecosystem services in conservation 

planning: targeted benefits vs. co-benefits or costs? PLoS one, 6(9), e24378. 

doi:10.1371/journal.pone.0024378 

Chan, K. M., Satterfield, T., & Goldstein, J. (2012). Rethinking ecosystem services to better 

address and navigate cultural values. Ecological economics, 74, 8-18.  

Chapin Iii, F. S., Zavaleta, E. S., Eviner, V. T., Naylor, R. L., Vitousek, P. M., Reynolds, H. 

L., . . . Hobbie, S. E. (2000). Consequences of changing biodiversity. Nature, 

405(6783), 234-242.  

Chave, J., Andalo, C., Brown, S., Cairns, M. A., Chambers, J., Eamus, D., . . . Kira, T. (2005). 

Tree allometry and improved estimation of carbon stocks and balance in tropical 

forests. Oecologia, 145(1), 87-99.  

Chee, Y. E. (2004). An ecological perspective on the valuation of ecosystem services. 

Biological conservation, 120(4), 549-565.  

Cimon-Morin, J., Darveau, M., & Poulin, M. (2013). Fostering synergies between ecosystem 

services and biodiversity in conservation planning: a review. Biological conservation, 

166, 144-154.  

Clark, V. L. P., & Creswell, J. W. (2008). The Mixed Method Reader. SAGE Publication. 

Colchester, M., Jiwan, N., Andiko, Sirait, M., Firdaus, A.Y., Surambo, A. and Pane, H. (2006).  

Promised land: palm oil and land acquisition in Indonesia—implications for local 

communities and indigenous peoples. Forest People Programme, Sawit Watch and 

World Agroforestry Centre, Bogor, Indonesia. 197p.  

Comberti, C., Thornton, T., de Echeverria, V. W., & Patterson, T. (2015). Ecosystem services 

or services to ecosystems? Valuing cultivation and reciprocal relationships between 

humans and ecosystems. Global Environmental Change, 34, 247-262.  

Cord, A. F., Bartkowski, B., Beckmann, M., Dittrich, A., Hermans-Neumann, K., Kaim, A., . 

. . Schröter-Schlaack, C. (2017a). Towards systematic analyses of ecosystem service 

trade-offs and synergies: Main concepts, methods and the road ahead. Ecosystem 

Services, 28, 264-272.  

Cord, A. F., Bartkowski, B., Beckmann, M., Dittrich, A., Hermans-Neumann, K., Kaim, A., . 

. . Schröter-Schlaack, C. (2017b). Towards systematic analyses of ecosystem service 

trade-offs and synergies: Main concepts, methods and the road ahead. Ecosystem 

Services.  

Corlett, R. (1991). Plant succession on degraded land in Singapore. Journal of tropical forest 

science, 151-161.  

Costanza, R. (2008). Ecosystem services: multiple classification systems are needed. 

Biological conservation, 141(2), 350-352.  

Costanza, R. (2012). Ecosystem health and ecological engineering. Ecological Engineering, 

45, 24-29.  

Costanza, R., d'Arge, R., De Groot, R., Farber, S., Grasso, M., Hannon, B., . . . Paruelo, J. 

(1997). The value of the world's ecosystem services and natural capital. Nature, 

387(6630), 253-260.  



 184 

Costanza, R., de Groot, R., Sutton, P., van der Ploeg, S., Anderson, S. J., Kubiszewski, I., . . . 

Turner, R. K. (2014). Changes in the global value of ecosystem services. Global 

Environmental Change, 26, 152-158.  

Costanza, R., Farber, S., Liu, S., & Troy, A. (2010). Valuing ecosystem services; Theory, 

practice, and the need for a transdisciplinary synthesis. Gund Institute of Ecological 

Economics and Rubenstein School of Environment and Natural Resources, University 

of Vermont, Burlington, Vermont, USA.  

Costanza, R., & Folke, C. (1997). Valuing ecosystem services with efficiency, fairness, and 

sustainability as goals. Nature’s services: Societal dependence on natural ecosystems, 

49-70.  

Courtney-Mercer, L. (2014). Forest conservation and indigenous people: a case study of the 

Kalimantan Forest Climate Partnership (KFCP), a Reducing Emissions from 

Deforestation and Degradation (REDD) project, and the effects on the Dayak 

Indonesian in Central Kalimantan, the Kapuas River region.  

Creswell, J. W. (2007). Qualitative inquiry and research design: Choosing among five 

approches SAGE Publication. 

Creswell, J. W., & Poth, C. N. (2017). Qualitative inquiry and research design: Choosing 

among five approaches: Sage publications. 

Cronin, C. (2014). Using case study research as a rigorous form of inquiry. Nurse Researcher, 

21(5), 19-27.  

Cummings, R. G., & Harrison, G. W. (1995). The measurement and decomposition of nonuse 

values: a critical review. Environmental and Resource Economics, 5(3), 225-247.  

Curtis S., Gesler W., Smith G. & Washburn S. (2000) Approaches to sampling and case 

selection in qualitative research: examples in the geography of health. Social Science 

& Medicine 50(7–8), 1001–1014.  

Daily, G. (1997). Nature's services: societal dependence on natural ecosystems: Island Press. 

Daily, G. C., & Matson, P. A. (2008). Ecosystem services: from theory to implementation. 

Proceedings of the National Academy of Sciences, 105(28), 9455-9456.  

Daily, G. C., Polasky, S., Goldstein, J., Kareiva, P. M., Mooney, H. A., Pejchar, L., . . . 

Shallenberger, R. (2009). Ecosystem services in decision making: time to deliver. 

Frontiers in Ecology and the Environment, 7(1), 21-28.  

Daly, H. (1977). Steady-state economics: the political economy of bio-physical equilibrium 

and moral growth: WH Freeman and Co., San Francisco. 

Daniel, T. C., Muhar, A., Arnberger, A., Aznar, O., Boyd, J. W., Chan, K. M., . . . Gobster, P. 

H. (2012). Contributions of cultural services to the ecosystem services agenda. 

Proceedings of the National Academy of Sciences, 109(23), 8812-8819.  

Danielsen, F., Beukema, H., Burgess, N.D., Parish, F., Brühl, C.A., Donald, P.F., Murdiyarso, 

D., Phalan, B., Reijnders, L., Struebig, M. and Fitzherbert, E.B. (2008). Biofuel 

plantations on forested lands: double jeopardy for biodiversity and climate. 

Conservation Biology 23 (2): 348–358. DOI: 10.1111/j.1523-1739.2008.01096. 

Daw, T., Brown, K., Rosendo, S., & Pomeroy, R. (2011). Applying the ecosystem services 

concept to poverty alleviation: the need to disaggregate human well-being. 

Environmental Conservation, 38(4), 370-379.  

Daw, T. M., Coulthard, S., Cheung, W. W., Brown, K., Abunge, C., Galafassi, D., . . . Munyi, 

L. (2015). Evaluating taboo trade-offs in ecosystems services and human well-being. 

Proceedings of the National Academy of Sciences, 112(22), 6949-6954.  

Dawson, I. K., Leakey, R., Clement, C. R., Weber, J. C., Cornelius, J. P., Roshetko, J. M., . . . 

Masters, E. (2014). The management of tree genetic resources and the livelihoods of 

rural communities in the tropics: Non-timber forest products, smallholder agroforestry 

practices and tree commodity crops. Forest Ecology and Management, 333, 9-21.  



 185 

Dawson, I. K., Lengkeek, A., Weber, J. C., & Jamnadass, R. (2009). Managing genetic 

variation in tropical trees: linking knowledge with action in agroforestry ecosystems 

for improved conservation and enhanced livelihoods. Biodiversity and conservation, 

18(4), 969-986.  

De Groot, R., Brander, L., Van Der Ploeg, S., Costanza, R., Bernard, F., Braat, L., . . . Hein, L. 

(2012). Global estimates of the value of ecosystems and their services in monetary 

units. Ecosystem Services, 1(1), 50-61.  

De Groot, R. S. (1987). Environmental functions as a unifying concept for ecology and 

economics. Environmentalist, 7(2), 105-109.  

De Groot, R. S., Alkemade, R., Braat, L., Hein, L., & Willemen, L. (2010). Challenges in 

integrating the concept of ecosystem services and values in landscape planning, 

management and decision making. Ecological complexity, 7(3), 260-272.  

De Groot, R. S., Wilson, M. A., & Boumans, R. M. (2002). A typology for the classification, 

description and valuation of ecosystem functions, goods and services. Ecological 

economics, 41(3), 393-408.  

Dee, L. E., Allesina, S., Bonn, A., Eklöf, A., Gaines, S. D., Hines, J., . . . Schröter, M. (2016). 

Operationalizing network theory for ecosystem service assessments. Trends in ecology 

& evolution.  

DeFries, R., & Bounoua, L. (2004). Consequences of land use change for ecosystem services: 

A future unlike the past. GeoJournal, 61(4), 345-351.  

DeFries, R., Field, C., Fung, I., Collatz, G., & Bounoua, L. (1999). Combining satellite data 

and biogeochemical models to estimate global effects of human‐induced land cover 

change on carbon emissions and primary productivity. Global biogeochemical cycles, 

13(3), 803-815.  

Díaz, S., Fargione, J., Chapin III, F. S., & Tilman, D. (2006). Biodiversity loss threatens human 

well-being. PLoS biology, 4(8), e277.  

Dixon, R. (1995). Agroforestry systems: sources of sinks of greenhouse gases? Agroforestry 

systems, 31(2), 99-116.  

Dixon, R. K., Brown, S., Houghton, R. e. a., Solomon, A., Trexler, M., & Wisniewski, J. 

(1994). Carbon pools and flux of global forest ecosystems. Science(Washington), 

263(5144), 185-189.  

Dransfield, J. (2001). Taxonomy, biology and ecology of rattan. UNASYLVA-FAO-, 11-13.  

Egoh, B. N., Reyers, B., Rouget, M., & Richardson, D. M. (2011). Identifying priority areas 

for ecosystem service management in South African grasslands. Journal of 

Environmental Management, 92(6), 1642-1650.  

Farber, S., Costanza, R., Childers, D. L., Erickson, J., Gross, K., Grove, M., . . . Troy, A. 

(2006). Linking ecology and economics for ecosystem management. Bioscience, 56(2), 

121-133.  

Farber, S. C., Costanza, R., & Wilson, M. A. (2002). Economic and ecological concepts for 

valuing ecosystem services. Ecological economics, 41(3), 375-392.  

Fargione, J., Hill, J., Tilman, D., Polasky, S. and Hawthorne, P. (2008). Land clearing and the 

biofuel carbon debt. Science 319: 1235–1238. 

Feintrenie, L., Chong, W. K., & Levang, P. (2010). Why do farmers prefer oil palm? Lessons 

learnt from Bungo district, Indonesia. Small-scale forestry, 9(3), 379-396.  

Felipe-Lucia, M., Comín, F., & Bennett, E. (2014). Interactions among ecosystem services 

across land uses in a floodplain agroecosystem. Ecology and society, 19(1).  

Fisher, B., Turner, R. K., & Morling, P. (2009). Defining and classifying ecosystem services 

for decision making. Ecological economics, 68(3), 643-653.  

Fletcher, R., Baulcomb, C., Hall, C., & Hussain, S. (2014). Revealing marine cultural 

ecosystem services in the Black Sea. Marine Policy, 50, 151-161.  



 186 

Foley, J. A., Asner, G. P., Costa, M. H., Coe, M. T., DeFries, R., Gibbs, H. K., . . . Ramankutty, 

N. (2007). Amazonia revealed: forest degradation and loss of ecosystem goods and 

services in the Amazon Basin. Frontiers in Ecology and the Environment, 5(1), 25-32.  

Foley, J. A., DeFries, R., Asner, G. P., Barford, C., Bonan, G., Carpenter, S. R., . . . Gibbs, H. 

K. (2005). Global consequences of land use. Science, 309(5734), 570-574.  

Frankenberg, E., McKee, D., & Thomas, D. (2005). Health consequences of forest fires in 

Indonesia. Demography, 42(1), 109-129.  

Friends of the Earth (FOE) 2008 Executive summary. In: Losing ground: the human rights 

impacts of oil palm plantation expansion in Indonesia. LifeMosaic, Sawit Watch 

Indonesia and Friends of the Earth. http:// www.foe.co.uk/resource/reports/ 

losingground-summary.pdf (7 Oct. 2008).  

Fu, B., Wang, S., Su, C., & Forsius, M. (2013). Linking ecosystem processes and ecosystem 

services. Current Opinion in Environmental Sustainability, 5(1), 4-10.  

Fu, B.-J., Su, C.-H., Wei, Y.-P., Willett, I. R., Lü, Y.-H., & Liu, G.-H. (2011). Double counting 

in ecosystem services valuation: causes and countermeasures. Ecological research, 

26(1), 1-14.  

García-Fernández, C., & Casado, M. A. (2005). Forest recovery in managed agroforestry 

systems: the case of benzoin and rattan gardens in Indonesia. Forest Ecology and 

Management, 214(1), 158-169.  

Garrett, H. E., Rietveld, W. J., & Fisher, R. F. (2000). North American Agroforestry: An 

Integrated Science and Practice. Madison, Wisconsin: American Society of 

Agronomy. 

Geist, H. J., & Lambin, E. F. (2002). Proximate causes and underlying driving forces of tropical 

deforestation: Tropical forests are disappearing as the result of many pressures, both 

local and regional, acting in various combinations in different geographical locations. 

BioScience, 52(2), 143-150.  

Gemedo-Dalle, T., Maass, B. L., & Isselstein, J. (2005). Plant biodiversity and ethnobotany of 

Borana pastoralists in southern Oromia, Ethiopia. Economic Botany, 59(1), 43-65.  

Germer, J., & Sauerborn, J. (2008). Estimation of the impact of oil palm plantation 

establishment on greenhouse gas balance. Environment, Development and 

Sustainability, 10(6), 697-716.  

Godfray, H. C. J., Beddington, J. R., Crute, I. R., Haddad, L., Lawrence, D., Muir, J. F., . . . 

Toulmin, C. (2010). Food security: the challenge of feeding 9 billion people. Science, 

327(5967), 812-818.  

Godoy, R. (1990). The economics of traditional rattan cultivation. Agroforestry systems, 12(2), 

163-172.  

Godoy, R., Brokaw, N., Wilkie, D., Colon, D., Palermo, A., Lye, S., & Wei, S. (1998). Of trade 

and cognition: markets and the loss of folk knowledge among the Tawahka Indians of 

the Honduran rain forest. Journal of Anthropological Research, 54(2), 219-234.  

Gunarso P, Hartoyo ME, Agus F, Killeen TJ (2013) Oil palm and land use change in Indonesia, 

Malaysia and Papua New Guinea. In: Killen TJ, Goon J (eds) Reports from the 

technical panels of the 2nd greenhouse gas working group of the Roundtable Sustain- 

able Palm Oil (RSPO). RSPO, Kuala Lumpur, pp 29–64  

Gouyon, A., De Foresta, H., & Levang, P. (1993). Does ‘jungle rubber’deserve its name? An 

analysis of rubber agroforestry systems in southeast Sumatra. Agroforestry systems, 

22(3), 181-206.  

Greene, J. C., & Caracelli, V. J. (1997). Advance in Mixed_Method Evaluation: The Challenges 

and Benefits of Integrating Diverse Paradigm. San Fransisco: Jossey Bass Publisher. 



 187 

Haase, D., Schwarz, N., Strohbach, M., Kroll, F., & Seppelt, R. (2012). Synergies, trade-offs, 

and losses of ecosystem services in urban regions: an integrated multiscale framework 

applied to the Leipzig-Halle Region, Germany. Ecology and Society, 17(3).  

Haines-Young, R., & Potschin, M. (2010). Proposal for a common international classification 

of ecosystem goods and services (CICES) for integrated environmental and economic 

accounting. European Environment Agency.  

Hairiah, K., Suprayogo, D., Widianto, B., Suhara, E., Mardiastuning, A., Widodo, R. H., . . . 

Rahayu, S. (2004). Alih guna lahan hutan menjadi lahan agroforestri berbasis kopi: 

ketebalan seresah, populasi cacing tanah dan makroporositas tanah. J. Agrivita, 26(1), 

68-80.  

Hairiah, K., Widianto, D. S., Widodo, R. H., Purnomosidhi, P., Rahayu, S., & van Noordwijk, 

M. (2004). Ketebalan seresah sebagai indikator daerah aliran sungai (DAS) sehat: 

World Agroforestry Centre. 

Hamard, M. (2008). vegetation correlation of gibbon density in the sebangau national park, 

Central Kalimantan, Indonesia. (Master of Science), Oxford Brookes University.    

Hanafi, I., Fitrianto, A., Arsyad, L. F., & Setiawan, B. (2014). Economic-Ecological Values of 

Non-Tidal Swamp Ecosystem: Case Study in Tapin District, Kalimantan, Indonesia. 

Modern Applied Science, 8(1), 97.  

Hanley, N., & Spash, C. L. (1993). Cost–Benefit Analysis and the Environment. Vermont: 

Edward Elgar  

Hansen, M. C., Stehman, S. V., Potapov, P. V., Arunarwati, B., Stolle, F., & Pittman, K. (2009). 

Quantifying changes in the rates of forest clearing in Indonesia from 1990 to 2005 using 

remotely sensed data sets. Environmental Research Letters, 4(3), 034001.  

Hargreaves-Allen, V. (2004). Estimating the Total Economic Value of Coral Reefs for Resident 

of Sampela, A Bajau Community in Wakatobi Marine National, Sulawesi. A Case 

Study., University of London, United Kingdom.    

Hartemink, A.E. (2005). Plantation agriculture in the tropics—environmental issues. Outlook 

on Agriculture 34: 11–21. 

Harrison, M. E., Kursani, Santiano, Hendri, Purwanto, A., & Husson, S. J. (2012). Baseline 

Flora Assessment and Preliminary Monitoring Protocol in the Katingan Peat Swamp, 

Central Kalimantan, Indonesia. Retrieved from Indonesia:  

Haury, D., & Saragih, B. (1996). Processing and Marketing of Rattan. GTZ, Samarinda.  

Häyhä, T., & Franzese, P. P. (2014). Ecosystem services assessment: A review under an 

ecological-economic and systems perspective. Ecological Modelling, 289, 124-132.  

Heal, G., Daily, G. C., Ehrlich, P. R., & Salzman, J. (2001). Protecting natural capital through 

ecosystem service districts. Stan. Envtl. LJ, 20, 333.  

Hector, A., & Bagchi, R. (2007). Biodiversity and ecosystem multifunctionality. Nature, 

448(7150), 188-190.  

Hein, L., & Gatzweiler, F. (2006). The economic value of coffee (Coffea arabica) genetic 

resources. Ecological economics, 60(1), 176-185.  

Hein, L., & van der Meer, P. J. (2012). REDD+ in the context of ecosystem management. 

Current Opinion in Environmental Sustainability, 4(6), 604-611.  

Hein, L., Van Koppen, K., De Groot, R. S., & Van Ierland, E. C. (2006). Spatial scales, 

stakeholders and the valuation of ecosystem services. Ecological economics, 57(2), 

209-228.  

Hendee, J. T. (2011). Assessing private forest landowner decision making in Illinois: applied 

management solutions for diverse objectives.  

Heubach, K., Wittig, R., Nuppenau, E.-A., & Hahn, K. (2011). The economic importance of 

non-timber forest products (NTFPs) for livelihood maintenance of rural west African 



 188 

communities: A case study from northern Benin. Ecological economics, 70(11), 1991-

2001.  

Hirschberger, P. (2011). Global Rattan Trade: Pressure on forest resources, analysis and 

challenges. Vienna, Austria: WWF-Austria.  

Hoekstra, J. M., Boucher, T. M., Ricketts, T. H., & Roberts, C. (2005). Confronting a biome 

crisis: global disparities of habitat loss and protection. Ecology letters, 8(1), 23-29.  

Hooijer, A., Silvius, M., Wösten, H., Page, S., Hooijer, A., Silvius, M., . . . Page, S. (2006). 

PEAT-CO2. Assessment of CO2 emissions from drained peatlands in SE Asia, Delft 

Hydraulics report Q, 3943.  

Hooper, D. U., Chapin, F., Ewel, J., Hector, A., Inchausti, P., Lavorel, S., . . . Naeem, S. (2005). 

Effects of biodiversity on ecosystem functioning: a consensus of current knowledge. 

Ecological monographs, 75(1), 3-35.  

ICCC, I. C. C. C. (2014). ICCC peatland definition and peatland mapping methodology. 

Asessment report. Retrieved from Jakarta, Indonesia:  

Ihalainen, L. (2007). Improved rubber agroforestry system RAS1 in West Kalimantan, 

Indonesia. Biodiversity and farmer’s perception University of Helsinki.    

Illukpitiya, P., & Yanagida, J. F. (2010). Farming vs forests: Trade-off between agriculture and 

the extraction of non-timber forest products. Ecological economics, 69(10), 1952-1963.  

Indonesia, F. D. o. R. (1992). Indonesian Forest in Brief. Jakarta. 

Infield, M., Morse-Jones, S., & Anthem, H. (2015). GUIDANCE FOR THE RAPID 

ASSESSMENT OF CULTURAL ECOSYSTEM SERVICES. Retrieved from United 

Kingdom:  

Iniesta-Arandia, I., García-Llorente, M., Aguilera, P. A., Montes, C., & Martín-López, B. 

(2014). Socio-cultural valuation of ecosystem services: uncovering the links between 

values, drivers of change, and human well-being. Ecological economics, 108, 36-48.  

I. T. T. O. (2007). echnical report: Inventory of standing stocks in natural forest and 

plantation. Development of Sustainable Rattan Production of Rattan Smallholders and 

Industry in Indonesia. PD 108/01 Rev. 3(1). Retrieved from Jakarta, Indonesia:  

Izac, A.-M., & Sanchez, P. A. (2001). Towards a natural resource management paradigm for 

international agriculture: the example of agroforestry research. Agricultural systems, 

69(1), 5-25.  

J.W. Creswell. (2009). Research Design. Qualitative, Quantitative and Mix Method 

Approaches: SAGE Publishing.  

Jantz, S. M., Barker, B., Brooks, T. M., Chini, L. P., Huang, Q., Moore, R. M., . . . Hurtt, G. 

C. (2015). Future habitat loss and extinctions driven by land‐use change in biodiversity 

hotspots under four scenarios of climate‐change mitigation. Conservation Biology, 

29(4), 1122-1131.  

Jessup, T. T., & Vayda, A. P. (1988). Dayaks and forests of interior Borneo. Expedition, 30(1), 

5.  

Jew, E. K. K. (2016). Rapid land use change, biodiversity and ecosystem services in miombo 

woodland: Assessing the challenges for land management in south-west Tanzania. 

University of Leeds.    

Jewitt, S., Nasir, D., Page, S., Rieley, J., & Khanal, K. (2014). Indonesia's contested domains. 

Deforestation, rehabilitation and conservation-with-development in Central 

Kalimantan's tropical peatlands. international forestry review, 16(4), 405-420.  

Johnson, R. B., Onwuegbuzie, A. J., & Turner, L. A. (2007). Toward a definition of mixed 

methods research. Journal of mixed methods research, 1(2), 112-133.  

Johnston, R. J., & Russell, M. (2011). An operational structure for clarity in ecosystem service 

values. Ecological economics, 70(12), 2243-2249.  



 189 

Joshi, L., Wijaya, K., Sirait, M., & Mulyoutami, E. (2004a). Indigenous systems and ecological 

knowledge among Dayak people in Kutai Barat, East Kalimantan–a preliminary 

report. Retrieved from  

Joshi, L., Wijaya, K., Sirait, M., & Mulyoutami, E. (2004b). Indigenous systems and ecological 

knowledge among Dayak people in Kutai Barat, East Kalimantan–a preliminary report. 

ICRAF Southeast Asia Working People(2004_3).  

Jusu, A., & Sanchez, A. C. (2013). Economic Importance of the medicinal plant trade in Sierra 

Leone1. Economic Botany, 67(4), 299-312.  

Kandziora, M., Burkhard, B., & Müller, F. (2013). Interactions of ecosystem properties, 

ecosystem integrity and ecosystem service indicators—A theoretical matrix exercise. 

Ecological Indicators, 28, 54-78.  

Kar, S. P., & Jacobson, M. G. (2012). NTFP income contribution to household economy and 

related socio-economic factors: Lessons from Bangladesh. Forest Policy and 

Economics, 14(1), 136-142.  

Kareiva, P., Watts, S., McDonald, R., & Boucher, T. (2007). Domesticated nature: shaping 

landscapes and ecosystems for human welfare. Science, 316(5833), 1866-1869.  

Kartini, D., Azis, Y., & Solihin, I. (2013). Will Indonesia Still Sustain? Assessment qn 

Integrated.. Sustainable Development of Strategic Target and Implementation in 

Indonesia.  

Kartodihardjo, S. (1999). The state of bamboo and rattan development in Indonesia. the 

Ministry of Forestry and Estate Crops. Jakarta URL: http://www/. inbar. 

int/documents/country% 20report/INDONESIA. htm (15th April 2012).  
Khasa, D.P. (2001). Bringing Agroforestry into the 21st Century: An Overview. In: Clason T 

(ed) Proceedings of the 6th North American Agroforestry Conference. CD-ROM. Hot 
Springs, Arkansas, USA. pp 19–27 (June 12–16, 1999). 

King, H. (2012). People in nature and nature in people: a constructivist exploration of 

ecosystem cultural services.  

Kissinger, G., Herold, M., & De Sy, V. (2012). Drivers of deforestation and forest 

degradation: a synthesis report for REDD+ policymakers. Retrieved from  

Koh, L. P., & Wilcove, D. S. (2008). Is oil palm agriculture really destroying tropical 

biodiversity? Conservation letters, 1(2), 60-64.  

Kotto-Same J., Woomer P.L., Appolinaire M., Louis J. (1997). Carbon dynamic in slash-and 

burn agriculture and land use alternatives of the humid forest zone in Cameroon. 

Agriculture, Ecosystem and Environment 65:245-256 

Krankina, O. N., & Harmon, M. E. (1994). The impact of intensive forest management on 

carbon stores in forest ecosystems. World Resource Review, 6(2), 161-177.  

Kremen, C. (2015). Reframing the land‐sparing/land‐sharing debate for biodiversity 

conservation. Annals of the New York Academy of Sciences, 1355(1), 52-76.  

Kumar, B. M., & Nair, P. R. (2004). The enigma of tropical homegardens New vistas in 

agroforestry (pp. 135-152): Springer. 

Kusuma, I. D. (2005). Economic valuation of natural resource management: a case study of the 

Benuaq Dayak tribe in Kalimantan, Indonesia.  

Kuyah, S., Dietz, J., Muthuri, C., Jamnadass, R., Mwangi, P., Coe, R., & Neufeldt, H. (2012). 

Allometric equations for estimating biomass in agricultural landscapes: II. 

Belowground biomass. Agriculture, Ecosystems & Environment, 158, 225-234.  

Kuyah, S., Öborn, I., Jonsson, M., Dahlin, A. S., Barrios, E., Muthuri, C., . . . Namirembe, S. 

(2016). Trees in agricultural landscapes enhance provision of ecosystem services in 

Sub-Saharan Africa. International Journal of Biodiversity Science, Ecosystem Services 

& Management, 12(4), 255-273.  



 190 

Lado, C. (2004). Sustainable environmental resource utilisation: a case study of farmers’ 

ethnobotanical knowledge and rural change in Bungoma district, Kenya. Applied 

Geography, 24(4), 281-302.  

Lambin, E. F., & Meyfroidt, P. (2011). Global land use change, economic globalization, and 

the looming land scarcity. Proceedings of the National Academy of Sciences, 108(9), 

3465-3472.  

Lannas, K., & Turpie, J. (2009). Valuing the provisioning services of wetlands: contrasting a 

rural wetland in Lesotho with a peri-urban wetland in South Africa. Ecology and 

Society, 14(2).  

Leakey, R. (1996). Definition of agroforestry revisited. Agroforestry Today 8:1 

Lele, S., & Kurien, A. (2011). Interdisciplinary analysis of the environment: insights from 

tropical forest research. Environmental Conservation, 38(2), 211-233.  

Lele, S., Springate-Baginski, O., Lakerveld, R., Deb, D., & Dash, P. (2013). Ecosystem 

services: origins, contributions, pitfalls, and alternatives. Conservation and Society, 

11(4), 343.  
Lundgreen,  B.O., Raintree. J.B. (1982). Sustained agroforestry. In: Nestel B (ed) Agricultural 

research for development: potentials and challenges in Asia. ISNAR, The Hague, pp 
37–49 

Luyssaert S, Inglima I, Jung M, Richardson AD, Reichstein M, Papale D, Piao SL, Schulze E-

D, Wingate L, Matteucci G, Aragao L, Aubinet M, Beer C, Bernhofer C, Black KG, 

Bonal D, Bonnefond J-M, Chambers J, Ciais P, Cook B, Davis KJ, Dolman AJ, Gielen 

B, Goulden M, Grace J, Granier A, Grelle A, Griffis T, Grünwald T, Guidolotti G, 

Hanson PJ, Harding R, Hollinger DY, Hutyra LR, Kolari P, Kruijt B, Kutsch W, 

Lagergren F, Laurila T, Law BE, Le Maire G, Lindroth A, Loustau D, Malhi Y, Mateus 

J, Migliavacca M, Misson L, Montagnani L, Moncrieff J, Moors E, Munger JW, 

Nikinmaa E, Ollinger SV, Pita G, Rebmann C, Roupsard O, Saigusa N, Sanz MJ, 

Seufert G, Sierra C, Smith M-L, Tang J, Valentini R, Vesala T, Janssens IA .(2007). 

The CO2-balance of boreal, temperate and tropical forests derived from a global 

database Global Change Biology 13:2509–2537 

Lyver, P. O. B., Akins, A., Phipps, H., Kahui, V., Towns, D. R., & Moller, H. (2016). Key 

biocultural values to guide restoration action and planning in New Zealand. Restoration 

Ecology, 24(3), 314-323.  

MA. (2005). Ecosystem and Human Well-Being: Synthesis.  

Mace, G. M., Bateman, I., Albon, S., Balmford, A., Brown, C., Church, A., . . . Vira, B. (2011). 

Conceptual framework and methodology.  

Mace, G. M., Norris, K., & Fitter, A. H. (2012). Biodiversity and ecosystem services: a 

multilayered relationship. Trends in ecology & evolution, 27(1), 19-26.  

Mach, M. E., Martone, R. G., & Chan, K. M. (2015). Human impacts and ecosystem services: 

Insufficient research for trade-off evaluation. Ecosystem Services, 16, 112-120.  

Mankay, S. D., Harahap, N., Polii, B., & Soemarmo, B. (2013). Economic valuation of 

Mangrove Forest Ecosystem in Tatapaan, South Minahasa, Indonesia. Journal of 

Environmental Science, Toxicology and Food Technology (IOSR-JESTFT), 5(6), 51-

57.  

Manurung E.G. Togu. (2001). Analisis  valuasi ekonomi investasi perkebunan kelapa sawit di 

Indonesia. Laporan Teknis. US Agency for International Development.  

Margono, B. A., Turubanova, S., Zhuravleva, I., Potapov, P., Tyukavina, A., Baccini, A., . . . 

Hansen, M. C. (2012). Mapping and monitoring deforestation and forest degradation in 

Sumatra (Indonesia) using Landsat time series data sets from 1990 to 2010. 

Environmental Research Letters, 7(3), 034010.  

Marti, S. (2008). Losing ground: the human rights impacts of oil palm plantation expansion in 



 191 

Indonesia. Life Mosaic, Sawit Watch Indonesia and Friends of the Earth.  

Marshall, C. A., & Hawthorne, W. D. (2012). Regeneration ecology of the useful flora of the 

Putu Range Rainforest, Liberia. Economic Botany, 66(4), 398-412.  

Martín-López, B., Iniesta-Arandia, I., García-Llorente, M., Palomo, I., Casado-Arzuaga, I., Del 

Amo, D. G., . . . Willaarts, B. (2012). Uncovering ecosystem service bundles through 

social preferences. PLoS one, 7(6), e38970.  

Mary, F., & Michon, G. (1987). When agroforests drive back natural forests: a socio-economic 

analysis of a rice-agroforest system in Sumatra. Agroforestry systems, 5(1), 27-55.  

Mattison, E. H., & Norris, K. (2005). Bridging the gaps between agricultural policy, land-use 

and biodiversity. Trends in ecology & evolution, 20(11), 610-616.  

Max-Neef, M. A. (2005). Foundations of transdisciplinarity. Ecological economics, 53(1), 5-

16.  

Meijaard, E., Achdiawan, R., Wan, M., & Taber, A. (2014). Rattan: The decline of a once-

important non-timber forest product in Indonesia (Vol. 101): CIFOR. 

Meijaard, E., Sheil, D., Nasi, R., Augeri, D., Rosenbaum, B., Iskandar, D., Setyawati, T., 

Lammertink, A., Rachmatika, I., Wong, A. et al. (2005). Life a er logging: reconciling 

wildlife conservation and production forestry in Indonesian Borneo. CIFOR, UNESCO 

and ITTO, Bogor, Indonesia. 

Michon, G., & de Foresta, H. (1996). Agroforests as an alternative to pure plantations for the 

domestication and commercialization of NTFPs. Domestication and commercialization 

of non-timber forest products in agroforestry systems, Non-wood forest products(9), 

160-175.  

Milcu, A., Hanspach, J., Abson, D., & Fischer, J. (2013). Cultural ecosystem services: a 

literature review and prospects for future research. Ecology and Society, 18(3).  

Ministry of Agriculture Indonesia, M. (2015). Tree Crop Estate Statistics of Indonesia 2014–

2016: Palm Oil. Retrieved from Jakarta: 

Miyamoto, M. (2006). Forest conversion to rubber around Sumatran villages in Indonesia: 

Comparing the impacts of road construction, transmigration projects and population. 

Forest Policy and Economics, 9(1), 1-12.  

Monfreda, C., Ramankutty, N., & Foley, J. A. (2008). Farming the planet: 2. Geographic 

distribution of crop areas, yields, physiological types, and net primary production in the 

year 2000. Global biogeochemical cycles, 22(1).  

Montagnini, F., & Nair, P. (2004). Carbon sequestration: an underexploited environmental 

benefit of agroforestry systems. Agroforestry systems, 61(1), 281-295.  

Moran, L. (2011). Oil palm plantations: Threats and opportunities for tropical ecosystems. 

UNEP Global Environmental Alert Service, http://na/. unep. 

net/geas/getUNEPPageWithArticleIDScript. php.  

Morgan, S. J., Pullon, S. R., Macdonald, L. M., McKinlay, E. M., & Gray, B. V. (2017). Case 

study observational research: a framework for conducting case study research where 

observation data are the focus. Qualitative health research, 27(7), 1060-1068.  

Myers, R. (2015). What the Indonesian rattan export ban means for domestic and international 

markets, forests, and the livelihoods of rattan collectors. Forest Policy and Economics, 

50, 210-219 

Nair, P. R. (1993). An introduction to agroforestry: Springer Science & Business Media. 

Nantha, H. S., & Tisdell, C. (2009). The orangutan–oil palm conflict: economic constraints and 

opportunities for conservation. Biodiversity and conservation, 18(2), 487-502.  

Nelson, G. C., Dobermann, A., Nakicenovic, N., & O'Neill, B. (2006). Anthropogenic drivers 

of ecosystem change: an overview. Ecology and Society, 11(2).  

Newman, I., & Benz, C. R. (1998). Qualitative-quantitative research methodology: 



 192 

Exploring the interactive continuum. Carbondale and Edwardsville: Southern Illinois: 

University Press. 

Nygren, A., Lacuna-Richman, C., Keinänen, K., & Alsa, L. (2006). Ecological, socio-cultural, 

economic and political factors influencing the contribution of non-timber forest 

products to local livelihoods: case studies from Honduras and the Philippines. Small-

scale forestry, 5(2), 249-269.  

Obidzinski, K., Andriani, R., Komarudin, H., & Andrianto, A. (2012). Environmental and 

social impacts of oil palm plantations and their implications for biofuel production in 

Indonesia. Ecology and Society, 17(1).  

Odum, H. T. (1971). Environment, power and society: New York, USA, Wiley-Interscience. 

Ojea, E., Martin-Ortega, J., & Chiabai, A. (2012). Defining and classifying ecosystem services 

for economic valuation: the case of forest water services. Environmental Science & 

Policy, 19, 1-15.  

P2RK, P. P. R. K. (2015). Identifikasi Nilai Konservasi Tinggi. Retrieved from Kalimantan 

Tengah Indonesia:  

Page, S., Hosciło, A., Wösten, H., Jauhiainen, J., Silvius, M., Rieley, J., . . . Vasander, H. 

(2009). Restoration ecology of lowland tropical peatlands in Southeast Asia: current 

knowledge and future research directions. Ecosystems, 12(6), 888-905.  

Palmer, M. A., & Filoso, S. (2009). Restoration of ecosystem services for environmental 

markets. Science, 325(5940), 575-576.  

Parker, L., Blodgett, J., & Director, D. A. (2010). Greenhouse gas emissions: perspectives on 

the top 20 emitters and developed versus developing nations. International Journal of 

Energy, Environment and Economics, 18(3), 323.  

Pearce, D. W., & Turner, R. K. (1990). Economics of Natural Re- sources and the Environment. 

United Kingdom: BPCC Wheatsons Ltd., Exeter. 

Phalan, B., Bertzky, M., Butchart, S. H., Donald, P. F., Scharlemann, J. P., Stattersfield, A. J., 

& Balmford, A. (2013). Crop expansion and conservation priorities in tropical 

countries. PLoS one, 8(1), e51759.  

Pleasant, M. M., Gray, S. A., Lepczyk, C., Fernandes, A., Hunter, N., & Ford, D. (2014). 

Managing cultural ecosystem services. Ecosystem Services, 8, 141-147.  

Plieninger, T., Bieling, C., Fagerholm, N., Byg, A., Hartel, T., Hurley, P., . . . Raymond, C. M. 

(2015). The role of cultural ecosystem services in landscape management and planning. 

Current Opinion in Environmental Sustainability, 14, 28-33.  

Prato, T. (1998). Natural resource and environmental economics: Iowa State University Press. 

Pretty, J. N., Noble, A. D., Bossio, D., Dixon, J., Hine, R. E., Penning de Vries, F. W., & 

Morison, J. I. (2006). Resource-conserving agriculture increases yields in developing 

countries: ACS Publications. 

Purnama, B. M., Prahastb, H., & Nasendi, B. D. (1998). Rattan in South and east Kalimantan, 

Indonesia: a case study of the production-to-constimption systems. Working paper no. 

21. Retrieved from Bogor, Indonesia:  

Raudsepp-Hearne, C., Peterson, G. D., & Bennett, E. (2010). Ecosystem service bundles for 

analyzing tradeoffs in diverse landscapes. Proceedings of the National Academy of 

Sciences, 107(11), 5242-5247.  

Renuka, C. (2001). Uses of rattan in South Asia. UNASYLVA-FAO-, 7-8.  

Reyes-García, V., Marti, N., McDade, T., Tanner, S., & Vadez, V. (2007). Concepts and 

methods in studies measuring individual ethnobotanical knowledge. Journal of 

Ethnobiology, 27(2), 182-203.  

Rist, L., Feintreie, L.& Levang, P. (2010). The livelihood impacts of oil palm: Smallholders in 

Indonesia, Biodiversity Conservation, 19, 1009-1024.  

Riwut, T. (1958). Kalimantan Memanggil Jakarta: Endang Publisher. 



 193 

Rodríguez, J., Beard Jr, T. D., Bennett, E., Cumming, G., Cork, S., Agard, J., . . . Peterson, G. 

(2006). Trade-offs across space, time, and ecosystem services. Ecology and Society, 

11(1).  

Rosaldo, R. I. (2008). Foreword: Defining Culture. In J. R. Baldwin, S. L. Faulker, M. L. Hecht, 

& S. L. Lindsley (Eds.), Redefining Culture: Perspective Across the Disciplines (pp. 

Pp. IX-XIII). New Jersey: Lawrence Erlbaum associate Inc. Publisher. 

Rotinsulu, J. M., Suprayogo, D., Guritno, B., & Hairiah, K. (2013). THE POTENTIAL OF 

RUBBER AGROFORESTRY FOR RATTAN (Calamus sp) CULTIVATION IN 

KATINGAN REGENCY: DIVERSITY OF CLIMBING TREES FOR RATTAN. 

Agrivita, 35(3), 277.  

Safran, E., & Godoy, R. (1993). Effects of government policies on smallholder palm 

cultivation: an example from Borneo. Human organization, 52(3), 294-298.  

Sastry, C. (2001). Rattan in the twenty-first century-an overview. UNASYLVA-FAO-, 3-6.  

Sayer, E. J. (2006). Using experimental manipulation to assess the roles of leaf litter in the 

functioning of forest ecosystems. Biological reviews, 81(1), 1-31.  

Schaich, H., Bieling, C., & Plieninger, T. (2010). Linking ecosystem services with cultural 

landscape research. Gaia-Ecological Perspectives for Science and Society, 19(4), 269-

277.  

Schroth, G., & McNeely, J. A. (2011). Biodiversity conservation, ecosystem services and 

livelihoods in tropical landscapes: towards a common agenda. Environmental 

management, 48(2), 229-236.  

Shackleton, C. M., Shackleton, S. E., Buiten, E., & Bird, N. (2007). The importance of dry 

woodlands and forests in rural livelihoods and poverty alleviation in South Africa. 

Forest Policy and Economics, 9(5), 558-577.  

Sheil, D., Casson, A., Meijaard, E., Van Noordwjik, M., Gaskell, J., Sunderland-Groves, J., . . 

. Kanninen, M. (2009). The impacts and opportunities of oil palm in Southeast Asia: 

What do we know and what do we need to know? : Center for International Forestry 

Research (CIFOR), Bogor, Indonesia. 

Shone, B. M., & Caviglia-Harris, J. L. (2006). Quantifying and comparing the value of non-

timber forest products in the Amazon. Ecological economics, 58(2), 249-267.  

Siebert, S. F. (2001). Tree cutting to float rattan to market: a threat to primary forests? Journal 

of Bamboo and Rattan, 1(1), 37-42.  

Siebert, S. F. (2012). The nature and culture of rattan: reflections on vanishing life in the 

forests of southeast Asia: University of Hawaii Press. 

Singh, M., Malhi, Y., & Bhagwat, S. (2015). Aboveground biomass and tree diversity of 

riparian zones in an oil palm-dominated mixed landscape in Borneo. Journal of tropical 

forest science, 227-239.  

Sirait, M. (2009). Indigenous peoples and oil palm plantation expansion in West Kalimantan, 

Indonesia. The Hague: Cordaid Memisa. 

Smith, T. M., Cramer, W., Dixon, R., Leemans, R., Neilson, R., & Solomon, A. (1993). The 

global terrestrial carbon cycle. Water, Air, & Soil Pollution, 70(1), 19-37.  

Save Our Borneo (SOB). (2017). Laporan dugaan pelanggaran konversi lahan menjadi keun 

kelapa sawit. Palangka Raya, Indonesia 

Soerianegara, I., & Indrawan, A. (2002). Ekosistem Hutan Indonesia. Laboratorium Ekologi 

Hutan. Fakultas Kehutanan. Institut Pertanian Bogor. Bogor.  

Spash, C. L. (2000). The concerted action on environmental valuation in Europe (EVE): an 

introduction: Cambridge Research for the Environment. 

Statistics of Katingan Regency. (2015). Katingan Regency in Number. Statistics of Katingan 

Regency 



 194 

Statistics of Katingan Regency. (2016). Kamipang Subdsitrict in number. Statistics of Katingan 

Regency 

Steckman, L. (2011). Shaped by the State: Formation of Dayak Identity in Indonesia's Borneo: 

University of Wisconsin. 

Sumaharani, S., & Kalima, T. (2015). Composition and vegetation structure of tembawang 

agroforestry in Sanggau District, West Kalimantan. Paper presented at the Prosiding 

Seminar Nasional Masyarakat Biodiversitas Indonesia. 

Sumarga, E., & Hein, L. (2016). Benefits and costs of oil palm expansion in Central 

Kalimantan, Indonesia, under different policy scenarios. Regional environmental 

change, 16(4), 1011-1021.  

Sumarhani, & Kalima, T. (2015). Struktur dan komposisi vegetasi agroforestri tembawang di 

Kabupaten sanggau, Kalimantan Barat. Paper presented at the Seminar National 

Masyarakat Biodiversity Indonesia. 

Tacconi, L. (2003). Fires in Indonesia: causes, costs and policy implications. Retrieved from  

Tallis, H., & Polasky, S. (2009). Mapping and valuing ecosystem services as an approach for 

conservation and natural‐resource management. Annals of the New York Academy of 

Sciences, 1162(1), 265-283.  

Tang, R., & Gavin, M. C. (2016). A classification of threats to traditional ecological knowledge 

and conservation responses. Conservation and Society, 14(1), 57.  

Tashakkori, A., & Teddlie, C. (2008). Introduction to Mixed Method and Mixed Model Studies 

in the Social and Behaviour Sciences.  

TEEB. (2010). The Economics of Ecosystems and Biodiversity: Mainstreaming the Economics 

of Nature: A Synthesis of the Approach, Conclusions and Recommendations of TEEB. 

The World Bank. (2016). The Cost of Fire. The Economic Analysis of Indonesia’s 2015 Fire 

Crisis.  

Tomlinson, P. B., Fisher, J. B., Spangler, R. E., & Richer, R. A. (2001). Stem vascular 

architecture in the rattan palm Calamus (Arecaceae–Calamoideae–Calaminae). 

American journal of botany, 88(5), 797-809.  

Treml, E. A., Fidelman, P. I., Kininmonth, S., Ekstrom, J. A., & Bodin, Ö. (2015). Analyzing 

the (mis) fit between the institutional and ecological networks of the Indo-West Pacific. 

Global Environmental Change, 31, 263-271.  

Tuckett A.G. (2004) Qualitative research sampling: the very real complexities. Nurse 

Researcher 12(1), 47–61. 

Turkelboom, F., Thoonen, M., Jacobs, S., García-Llorente, M., Martín-López, B., & Berry, P. 

(2016). Ecosystem Service Trade-offs and Synergies. OpenNESS Ecosystem Services 

Reference Book. EC FP7 Grant Agreement(308428).  

Turner, R., & Daily, G. (2008). The ecosystem services framework and natural capital 

conservation. Environmental and Resource Economics, 39(1), 25-35.  

Turner, W. R., Brandon, K., Brooks, T. M., Costanza, R., Da Fonseca, G. A., & Portela, R. 

(2007). Global conservation of biodiversity and ecosystem services. AIBS Bulletin, 

57(10), 868-873.  

van Andel, T. R., J. A, Myren, B., & van Onselen. (2012). Ghana’s herbal market. Journal of 

Ethno- pharmacology, 140, 368–378.  

Van Beukering, P. J., Cesar, H. S., & Janssen, M. A. (2003). Economic valuation of the Leuser 

national park on Sumatra, Indonesia. Ecological economics, 44(1), 43-62.  

van Noordwijk, M., Suyamto, D. A., Lusiana, B., Ekadinata, A., & Hairiah, K. (2008). 

Facilitating agroforestation of landscapes for sustainable benefits: tradeoffs between 

carbon stocks and local development benefits in Indonesia according to the FALLOW 

model. Agriculture, Ecosystems & Environment, 126(1), 98-112.  



 195 

Villamor, G. B., Pontius, R. G., & van Noordwijk, M. (2014). Agroforest’s growing role in 

reducing carbon losses from Jambi (Sumatra), Indonesia. Regional Environmental 

Change, 14(2), 825-834.  

Vitousek, P. M., Mooney, H. A., Lubchenco, J., & Melillo, J. M. (1997). Human domination 

of Earth's ecosystems. Science, 277(5325), 494-499.  

Vo, Q. T., Künzer, C., Vo, Q. M., Moder, F., & Oppelt, N. (2012). Review of valuation methods 

for mangrove ecosystem services. Ecological Indicators, 23, 431-446.  

Vodouhê, F. G., Coulibaly, O., Greene, C., & Sinsin, B. (2009). Estimating the local value of 

non-timber forest products to pendjari biosphere reserve dwellers in Benin. Economic 

Botany, 63(4), 397.  

Von Heland, J., & Folke, C. (2014). A social contract with the ancestors—Culture and 

ecosystem services in southern Madagascar. Global Environmental Change, 24, 251-

264.  

Voora, V., & Barg, S. (2008). Pimachiowin Aki world heritage project area ecosystem services 

valuation assessment.  

Wakka A.K and Hayati N.  2010. Analisis finansial pola agroforestry  pada KHDTK Borrisalo, 

Kabupaten Gowa, Sulawesi Selatan. Ekonomi Bisnis Volume 2.  287-296.  

Watanabe, N. M., & Suzuki, E. (2007). Ontogenetic development in architecture and biomass 

allocation of 13 rattan species in Indonesia. Journal of plant research, 120(4), 551-561.  

Weinstock, J. A. (1996). Rattan: A complement to swidden agriculture in Borneo. Akademika, 

48(1).  

Westman, W. E. (1977). What are nature’s services worth. Sciences, 197, 960-963.  

WHO. (2006). Emergency situation report No. 1 August 2006. Retrieved from  

Widayati, A., Jones, S., & Carlisle, B. (2010). Accessibility factors and conservation forest 

designation affecting rattan cane harvesting in Lambusango Forest, Buton, Indonesia. 

Human ecology, 38(6), 731-746.  

Williams, V. L., Witkowski, E. T., & Balkwill, K. (2007). Volume and financial value of 

species traded in the medicinal plant markets of Gauteng, South Africa. International 

journal of sustainable development & world ecology, 14(6), 584-603.  

Winjum, J. K., Dixon, R. K., & Schroeder, P. E. (1992). Estimating the global potential of 

forest and agroforest management practices to sequester carbon Natural Sinks of CO2 

(pp. 213-227): Springer. 

Wu, T., & Petriello, M. A. (2011). Culture and biodiversity losses linked. Science, 331(6013), 

30-31.  
Wyant, J. (1996). Agroforestry-an ecological perspective. Agroforestry Today 8:1 

WWF. (2013). The Human Heart of Borneo [Press release] 

Yin, R. (1994). Case Study Research: Design and Methods Sage Publications Inc: USA. 

Yin, R. K. (2013). Case study research: Design and methods: Sage publications. 

Young, A. (1997). Agroforestry for soil management: CAB international. 

Young, O. R. (2002). The institutional dimensions of environmental change: fit, interplay, and 

scale: MIT press. 

Zoderer, B. M., Stanghellini, P. S. L., Tasser, E., Walde, J., Wieser, H., & Tappeiner, U. (2016). 

Exploring socio-cultural values of ecosystem service categories in the Central Alps: the 

influence of socio-demographic factors and landscape type. Regional Environmental 

Change, 16(7), 2033-2044.  

 

 

 

 

 



 196 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 197 

Appendix 1. Ethics approval letter, consent form, questionaries for household survey and 

list of question for in-depth interview 
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Consent Form 

 

Type of Informant: 

 

Title: Assessment of ecosystem services of rattan agroforestry in Central Kalimantan 

Indonesia. 

 

I agree to participate as informant in Monash University High Degree Research Student project.  

I have had the project explained to me, and I have read the Explanatory Statement, which I 

keep for my records.  I understand that agreeing to take part means that:  

 

List all procedures relevant to your data collection – delete those not applicable 

I agree to allow the interview to be audio-taped and/or video-taped     

Yes   No  

I agree to make myself available for a further interview if required   

   Yes   No  

I agree to participate in Focus Group Discussion       

Yes   No  

I agree to participate in Observation         

Yes   No  

 

and 

I understand that my participation is voluntary, that I can choose not to participate in part or all 

of the project, and that I can withdraw at any stage of the project without being penalised or 

disadvantaged in any way. 

 

and 

I understand that any information that the researcher extracts from the interview / Natural 

Group Discussion for use in reports or published findings will not, under any circumstances, 

contain names or identifying characteristics.   

 

and 

I understand that I will be given a transcript of Information concerning me for my approval 

before it is included in the write up of the research. 

 

and 

I understand that any information I provide is confidential, and that no information that could 

lead to the identification of any individual will be disclosed in any reports on the project, or to 

any other party. 

 

and 

I understand that data will be kept in a secure storage and accessible to the research team.  I 

also understand that the data will be destroyed after a 5 year period unless I consent to it being 

used in future research. 

 

Participant’s name : 

 

Signature  : 

 

Date   : 
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QUESTIONNAIRES  FOR PROVISIONING ECOSYSTEM SERVICES 

 

I. Social Economic Data 

1. Name  : 

2. Age  : 

3. Gender 

4. Ethnic group : 

5. Religion 

6. Education : 

7. Occupation : 

a. Fisherman 

b. Farmer 

c. Labor of Palm oil company 

d. Government employee 

e. Gold mining 

f. Trader (Groceries’, rattan, rubber) 

g. Others : 

8. Number of children   : 

9. Number of household lives in the house (extended family): 

10. Income/monthly (formal and informal) : 

11. Monthly expenditure : 

a. Food    :  

b. Transportation  : 

c. Fuel for electricity  : 

d. Education   :  

e. Health    : 

f. Capital    : 

g. Electronic goods  : 

h. Others    : 

II. Economic Aspect of Rattan  

1. How many ha rattan garden do you have? 

2. What is the status of your rattan garden? (heritance, buy, establish)  

3. Where is your rattan garden? 

4. What products do you obtain from your rattan garden? 
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No. Name of product Quantity 
Price (per 

Kg/Ton/bunch 

1. Rattan   

2. Wood   

3. Wood fuel   

4.  ….   

5.    

6    

7    

8    

 

5. How much do you spend to collect the products? 

a. Transport  

b. Equipment 

c. Meal 

6. Has the production  of rattan fluctuated in last 5 until 10 years? 

7. Has the price of rattan fluctuated in last 5 until 10 years?  

8. If yes, please give the description of rattan production and rattan price in the past five 

until ten years? 

9. What factors in your experience influence the price and the production of rattan in the 

village level? 

10. What factors in your experience, influence the volume of rattan harvest? (location of 

the garden, type of rattan, type of tree, maintenance of rattan garden) 

11. How much is the price of rattan today? 

12. How much was the price of rattan before the banning of raw rattan export? Has this 

changed? How? Why?  

13. Who is buying rattan from this village? 

14.  How many rattan traders in this village? 

 

 

 

 

 

III. Rattan garden history 
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1. How do you obtain  your rattan gardens? 

No. The way rattan garden 

obtained 
Width Year of 

established 

1. 
Obtain from parent 

(heritage) 

  

2 Buy 
  

3 Established by the farmer 
  

 

2. when was your rattan garden established? 

3. Who established your rattan garden? 

4. Where is your rattan garden location that time? 

5. Do you establish new rattan garden in the past five years?  

6. Why yo establish new rattan gardens? 

7. Can you tell me how to establish rattan garden? 

8. How did you choose the location for rattan garden? Is there any consideration for that? 

Why?  

9. What  is the inheritance mechanism for rattan gardens to pass from your parent or your 

grandparent to their children?  

10. Have you change your rattan garden into other land uses systems?  

11. Why do you change your rattan gardens? 

12. When it is happen? 

13. How you do that? 

 

No. Status of rattan garden Amount 

1 Actively harvested rattan garden  

2 Have not been harvested in past 5 years  

3 Sell  

4 Converted into other land use systems  

 

 

 

 

 

QUESTION GUIDE FOR IN-DEPTH INTERVIEW 



 202 

 

1. What is the meaning of rattan garden to your family? 

2. Can you tell me the use of products that harvested from rattan garden? 

No. Name of product/vegetation use 

   

   

   

   

   

   

   

 

3. What is the function of rattan in daily life?  

4. What is the function of rattan gardens in traditional ceremonies? 

5. Can you mention traditional ceremonies that use rattan as important elements 

6. Is there any art expression/forms that include or refer to rattan…(songs, idiom, pattern 

of panting or carving)? 

7. Are these traditional ceremonies still conducted these days? (By whom? Why? When?) 

Have they changed? 

8. Is rattan garden important to you? 

9. Why is rattan garden important to you? 

10. Can you tell me how local communities manage the landscape around the village? 

11. Where is the location to open new paddy field and why? 

12.  Do you go fishing?  

13. Where is the location of fishing? How do you regulate fishing mechanism in these 

areas? 

14.  How do people decide where they live? Who decides this?  

15. Where is the location to establish housing? 

16. How do you choose the location for rattan gardens? 

17. Where is the location to establish rattan/rubber gardens? 

18. How about the community in general? 

19.  Is there any sacred place around the village?  

20. Where is the sacred place? Why this location is sacred? For whom? Is it still in the case 

for young people? Has it changed over time? 
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21. What is the restriction in the location of sacred place? 

22. How do you perceive rattan garden these days?  

23. Is the rattan garden still profitable for you? 

24. If no, why do you not sell or change your rattan garden/Why did you sell your rattan 

garden? 

25. How do/would you manage your livelihood/income to replace any  lost income from 

rattan gardens? 

26. How has your attitude toward rattan gardens changed in any way (over the past 5 or ten 

years)? Why? 

27. What do you think about palm oil plantations that grow around the village? Do you 

think they bring benefit to the communities? In what ways? 
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QUESTION GUIDE FOR FOCUS GROUP DISCUSSION 

 

1. Can you discuss why community do not harvest and sell rattan anymore? 

2. What is the meaning of rattan garden for local community? 

3. Can you make list the benefits that are provided by rattan gardens? 

4. Can you compare the benefits from rattan gardens? Which one is more important?  

5. Can you draw/map the landscape and the land use system around the village?  

6. Can you discuss what action should be taken to conserve rattan gardens?  
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Appendix 2. Additional information for chapter IV. 

 

Analysis vegetation calculation for tree in Harvested Rattan Agroforestry 

Local Name 
Number 

of tree 

Density 

(tree/Ha) 

Relative 

Density 

(%) 

Shannon 

Index 
Frequency 

Relative 

Frequency 

(%) 

Basal 

area 

(m2) 

Dominance 
Relative 

Dominance 

Important 

Index 

Bahantung 1 1.667 0.926 -0.043 0.067 1.219 0.03 5.452E-06 0.423 2.568 

Bangkinang 

Bangamat 6 10.000 5.556 -0.160 0.333 6.097 0.49 8.176E-05 6.343 17.996 

Bawan 2 3.333 1.852 -0.073 0.133 2.439 0.17 2.795E-05 2.169 6.459 

Banit 1 1.667 0.926 -0.043 0.067 1.219 0.04 6.336E-06 0.492 2.637 

Bintan 1 1.667 0.926 -0.043 0.067 1.219 0.04 6.539E-06 0.507 2.653 

Binjai 1 1.667 0.926 -0.043 0.067 1.219 0.10 1.614E-05 1.252 3.398 

Buring Pahe 6 10.000 5.556 -0.160 0.267 4.878 0.52 8.736E-05 6.777 17.211 

Durian 3 5.000 2.778 -0.099 0.133 2.439 0.28 4.592E-05 3.562 8.779 

Gandis 1 1.667 0.926 -0.043 0.067 1.219 0.04 6.484E-06 0.503 2.648 

Jambu Burung 3 5.000 2.778 -0.099 0.200 3.658 0.12 2.046E-05 1.587 8.023 

Kaja 6 10.000 5.556 -0.160 0.267 4.878 0.26 4.371E-05 3.391 13.824 

Kajajirak 2 3.333 1.852 -0.073 0.133 2.439 0.09 1.574E-05 1.221 5.512 

Kajunjung 3 5.000 2.778 -0.099 0.200 3.658 0.23 3.909E-05 3.032 9.468 

Kaluan 16 26.667 14.815 -0.282 0.600 10.975 1.64 2.737E-04 21.235 47.025 

Kamasira 2 3.333 1.852 -0.073 0.133 2.439 0.19 3.123E-05 2.423 6.713 

Kamasulan 5 8.333 4.630 -0.141 0.267 4.878 0.17 2.879E-05 2.233 11.741 

Kananga 2 3.333 1.852 -0.073 0.133 2.439 0.08 1.313E-05 1.019 5.309 

Karet 6 10.000 5.556 -0.160 0.200 3.658 0.41 6.790E-05 5.268 14.482 

Katiau 1 1.667 0.926 -0.043 0.067 1.219 0.13 2.117E-05 1.642 3.788 

Kayu Bahandang 1 1.667 0.926 -0.043 0.067 1.219 0.08 1.298E-05 1.007 3.152 

Madang Batu 1 1.667 0.926 -0.043 0.067 1.219 0.08 1.391E-05 1.079 3.225 
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Local Name 
Number 

of tree 

Density 

(tree/Ha) 

Relative 

Density 

(%) 

Shannon 

Index 
Frequency 

Relative 

Frequency 

(%) 

Basal 

area 

(m2) 

Dominance 
Relative 

Dominance 

Important 

Index 

Muhur 5 8.333 4.630 -0.141 0.133 2.439 0.43 7.143E-05 5.542 12.610 

Pampaning 2 3.333 1.852 -0.073 0.133 2.439 0.11 1.776E-05 1.378 5.669 

Rangas 4 6.667 3.704 -0.121 0.200 3.658 0.41 6.837E-05 5.304 12.666 

Rangas Manuk 1 1.667 0.926 -0.043 0.067 1.219 0.03 4.793E-06 0.372 2.517 

Sagagulang 3 5.000 2.778 -0.099 0.133 2.439 0.21 3.552E-05 2.755 7.972 

Sangkuang 5 8.333 4.630 -0.141 0.267 4.878 0.24 3.994E-05 3.098 12.606 

Salapatau 1 1.667 0.926 -0.043 0.067 1.219 0.03 5.217E-06 0.405 2.550 

Sasumpit 1 1.667 0.926 -0.043 0.067 1.219 0.04 5.939E-06 0.461 2.606 

Tampurau 1 1.667 0.926 -0.043 0.067 1.219 0.04 6.521E-06 0.506 2.651 

Tangkuhis/Mata 

Kucing 1 1.667 0.926 -0.043 0.067 1.219 0.04 6.299E-06 0.489 2.634 

Tatumbu 3 5.000 2.778 -0.099 0.200 3.658 0.19 3.120E-05 2.420 8.856 

Tilap 5 8.333 4.630 -0.141 0.333 6.097 0.52 8.749E-05 6.788 17.514 

Tusuk Karandang 5 8.333 4.630 -0.141 0.133 2.439 0.19 3.131E-05 2.429 9.497 

Tutup kabali 2 3.333 1.852 -0.073 0.133 2.439 0.07 1.156E-05 0.897 5.187 

Total 109 181.667  -3.242 5.533   1.289E-03   
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Analysis vegetation calculation for mature trees in Harvested Rattan Agroforestry 

 

Local Name 
Number 

of tree 

Density 

(Tree/Ha) 

Relative 

Density 

(%) 

Shannon 

Index 
Frequency 

Frequency 

Relative 

(%) 

Basal 

Area 

(m2) 

Dominance 

Dominance 

Relative 

(%) 

Important 

Index 

Babaka 1 1.667 0.952 -0.044 0.067 1.316 0.211 3.513E-05 0.019 4.182 

Bahantung 2 3.333 1.905 -0.075 0.067 1.316 0.092 1.531E-05 0.008 4.055 

Bangkinang 

Bangamat 1 1.667 0.952 -0.044 0.067 1.316 0.037 6.208E-06 0.003 2.606 

Banit 4 6.667 3.810 -0.124 0.200 3.947 0.189 3.158E-05 0.017 9.477 

Buring Pahe 6 10.000 5.714 -0.164 0.200 3.947 0.927 1.546E-04 0.084 18.081 

Jambu 

Burung 2 3.333 1.905 -0.075 0.067 1.316 0.113 1.887E-05 0.010 4.248 

Kamasulan 2 3.333 1.905 -0.075 0.133 2.632 0.085 1.424E-05 0.008 5.312 

Kananga 7 11.667 6.667 -0.181 0.200 3.947 0.399 6.658E-05 0.036 14.241 

Kaja 1 1.667 0.952 -0.044 0.067 1.316 0.048 7.929E-06 0.004 2.700 

Kahui 1 1.667 0.952 -0.044 0.067 1.316 0.356 5.930E-05 0.032 5.498 

Kajunjung 2 3.333 1.905 -0.075 0.133 2.632 0.163 2.717E-05 0.015 6.016 

Kalewang 1 1.667 0.952 -0.044 0.067 1.316 0.063 1.046E-05 0.006 2.838 

Kaluan 6 10.000 5.714 -0.164 0.400 7.895 0.337 5.624E-05 0.031 16.672 

Kamasira 2 3.333 1.905 -0.075 0.067 1.316 0.157 2.624E-05 0.014 4.650 

Kamandrahan 1 1.667 0.952 -0.044 0.067 1.316 0.072 1.203E-05 0.007 2.923 

Karet 13 21.667 12.381 -0.259 0.333 6.579 1.191 1.986E-04 0.108 29.776 

Kasar Bakei 3 5.000 2.857 -0.102 0.133 2.632 0.137 2.285E-05 0.012 6.733 

Karipak 1 1.667 0.952 -0.044 0.067 1.316 0.060 9.929E-06 0.005 2.809 

Katapi 1 1.667 0.952 -0.044 0.067 1.316 0.259 4.319E-05 0.024 4.621 

Lunuk 2 3.333 1.905 -0.075 0.133 2.632 1.223 2.038E-04 0.111 15.639 

Madang 2 3.333 1.905 -0.075 0.133 2.632 0.192 3.208E-05 0.017 6.284 
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Local Name 
Number 

of tree 

Density 

(Tree/Ha) 

Relative 

Density 

(%) 

Shannon 

Index 
Frequency 

Frequency 

Relative 

(%) 

Basal 

Area 

(m2) 

Dominance 

Dominance 

Relative 

(%) 

Important 

Index 

Pating 

Bintang 1 1.667 0.952 -0.044 0.133 2.632 0.031 5.200E-06 0.003 3.867 

Pilang 1 1.667 0.952 -0.044 0.067 1.316 0.287 4.790E-05 0.026 4.878 

Rangas 5 8.333 4.762 -0.145 0.200 3.947 0.768 1.281E-04 0.070 15.685 

Rangas 

Manuk 10 16.667 9.524 -0.224 0.333 6.579 0.880 1.467E-04 0.080 24.096 

Sagagulang 2 3.333 1.905 -0.075 0.133 2.632 0.292 4.866E-05 0.027 7.187 

Salapatau 1 1.667 0.952 -0.044 0.067 1.316 0.087 1.446E-05 0.008 3.056 

Sangkuang 4 6.667 3.810 -0.124 0.200 3.947 0.393 6.558E-05 0.036 11.329 

Tabaras 2 3.333 1.905 -0.075 0.133 2.632 0.194 3.240E-05 0.018 6.301 

tatumbu 5 8.333 4.762 -0.145 0.333 6.579 0.449 7.476E-05 0.041 15.413 

Tilap 5 8.333 4.762 -0.145 0.333 6.579 0.382 6.372E-05 0.035 14.812 

Tulang 

Handipe 3 5.000 2.857 -0.102 0.133 2.632 0.309 5.146E-05 0.028 8.292 

Tusuk 

Karandang 1 1.667 0.952 -0.044 0.067 1.316 0.080 1.332E-05 0.007 2.994 

Ueh Batu 4 6.667 3.810 -0.124 0.200 3.947 0.548 9.125E-05 0.050 12.728 

Total 105 175 100 -3.213 5.067 99.999  1.836E-03 1.000  
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Analysis vegetation calculation for poles in Harvested Rattan Agroforestry 

 

Local Name 
Number 

of pole 

Density 

(Pole/Ha) 

Relative 

Density 

(%) 

Shannon 

Index 
Frequency 

Frequency 

Relative 

(%) 

Basal 

Area 

(m2) 

Dominance 

Dominance 

Relative 

(%) 

Important 

Index 

Asem tatap 2 13.333 4.255 -0.134 0.133 4.348 0.027 1.793E-05 3.201E+00 1.180E+01 

Bangkinang 

Bangamat 4 26.667 8.511 -0.210 0.267 8.696 0.050 3.331E-05 5.948E+00 2.315E+01 

Bahantung 2 13.333 4.255 -0.134 0.133 4.348 0.033 2.182E-05 3.896E+00 1.250E+01 

Buring Pahe 1 6.667 2.128 -0.082 0.067 2.174 0.020 1.338E-05 2.389E+00 6.691E+00 

Jambu Burung 4 26.667 8.511 -0.210 0.200 6.522 0.074 4.921E-05 8.788E+00 2.382E+01 

Kamasulan 4 26.667 8.511 -0.210 0.267 8.696 0.075 5.017E-05 8.960E+00 2.617E+01 

Kahui 1 6.667 2.128 -0.082 0.067 2.174 0.021 1.380E-05 2.465E+00 6.766E+00 

Kaluan 1 6.667 2.128 -0.082 0.067 2.174 0.016 1.042E-05 1.861E+00 6.162E+00 

Kaja 3 20.000 6.383 -0.176 0.200 6.522 0.046 3.046E-05 5.439E+00 1.834E+01 

Kajajirak 1 6.667 2.128 -0.082 0.067 2.174 0.028 1.836E-05 3.278E+00 7.580E+00 

Kajunjung 1 6.667 2.128 -0.082 0.067 2.174 0.026 1.707E-05 3.048E+00 7.350E+00 

Kamasira 1 6.667 2.128 -0.082 0.067 2.174 0.012 8.151E-06 1.456E+00 5.757E+00 

Karet 2 13.333 4.255 -0.134 0.133 4.348 0.030 1.994E-05 3.562E+00 1.216E+01 

Madang 2 13.333 4.255 -0.134 0.133 4.348 0.050 3.306E-05 5.903E+00 1.451E+01 

Matan Andau 1 6.667 2.128 -0.082 0.067 2.174 0.018 1.228E-05 2.193E+00 6.495E+00 

Muhur 1 6.667 2.128 -0.082 0.067 2.174 0.030 1.968E-05 3.514E+00 7.815E+00 

Nini Randa 2 13.333 4.255 -0.134 0.133 4.348 0.050 3.355E-05 5.991E+00 1.459E+01 

Pampaning 1 6.667 2.128 -0.082 0.067 2.174 0.017 1.108E-05 1.978E+00 6.280E+00 

Rangas 1 6.667 2.128 -0.082 0.067 2.174 0.014 9.313E-06 1.663E+00 5.965E+00 

Salapatau 3 20.000 6.383 -0.176 0.200 6.522 0.053 3.544E-05 6.328E+00 1.923E+01 

Sangkuang 1 6.667 2.128 -0.082 0.067 2.174 0.020 1.358E-05 2.425E+00 6.727E+00 
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Local Name 
Number 

of pole 

Density 

(Pole/Ha) 

Relative 

Density 

(%) 

Shannon 

Index 
Frequency 

Frequency 

Relative 

(%) 

Basal 

Area 

(m2) 

Dominance 

Dominance 

Relative 

(%) 

Important 

Index 

Sasumpit 1 6.667 2.128 -0.082 0.067 2.174 0.024 1.594E-05 2.846E+00 7.147E+00 

Tangkuhis/Mata 

kucing 2 13.333 4.255 -0.134 0.133 4.348 0.037 2.489E-05 4.444E+00 1.305E+01 

Tatumbu 2 13.333 4.255 -0.134 0.133 4.348 0.022 1.498E-05 2.676E+00 1.128E+01 

Tilap 1 6.667 2.128 -0.082 0.067 2.174 0.019 1.269E-05 2.266E+00 6.567E+00 

Tulang Handipe 2 13.333 4.255 -0.134 0.133 4.348 0.029 1.950E-05 3.483E+00 1.209E+01 

  47 313.333  -3.120 3.067   5.600E-04 1.000E+02  
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Analysis vegetation calculation for poles in Abandoned Rattan Agroforestry 

Local Name 
Number 

of pole 

Density 

(Pole/Ha) 

Relative 

Density 

(%) 

Shannon 

Index 
Frequency 

Frequency 

Relative 

(%) 

Basal 

Area 

(m2) 

Dominance 

Dominance 

Relative 

(%) 

Important 

Index 

Bahantung 1 6.667 2.083 -0.081 0.067 2.632 0.018 1.228E-05 2.317E+00 7.032E+00 

Banit 7 46.667 14.583 -0.281 0.267 10.526 0.134 8.945E-05 1.688E+01 4.199E+01 

Jambu 

Burung 
1 6.667 2.083 -0.081 0.067 2.632 0.012 8.073E-06 1.523E+00 6.238E+00 

Bintan 1 6.667 2.083 -0.081 0.067 2.632 0.024 1.577E-05 2.974E+00 7.689E+00 

Kalewang 1 6.667 2.083 -0.081 0.067 2.632 0.015 1.009E-05 1.904E+00 6.619E+00 

Kananga 1 6.667 2.083 -0.081 0.067 2.632 0.009 5.676E-06 1.071E+00 5.786E+00 

Kaja 3 20.000 6.250 -0.173 0.133 5.263 0.049 3.245E-05 6.122E+00 1.763E+01 

Kajajirak 1 6.667 2.083 -0.081 0.067 2.632 0.023 1.536E-05 2.898E+00 7.613E+00 

Kajunjung 2 13.333 4.167 -0.132 0.133 5.263 0.050 3.361E-05 6.342E+00 1.577E+01 

Kaluan 1 6.667 2.083 -0.081 0.067 2.632 0.015 9.678E-06 1.826E+00 6.541E+00 

Karet 8 53.333 16.667 -0.299 0.267 10.526 0.132 8.776E-05 1.656E+01 4.375E+01 

Kayu sasah 1 6.667 2.083 -0.081 0.067 2.632 0.011 7.504E-06 1.416E+00 6.131E+00 

Parut 1 6.667 2.083 -0.081 0.067 2.632 0.027 1.767E-05 3.334E+00 8.049E+00 

Pilang 1 6.667 2.083 -0.081 0.067 2.632 0.010 6.727E-06 1.269E+00 5.984E+00 

Rangas 

Manuk 
2 13.333 4.167 -0.132 0.133 5.263 0.023 1.524E-05 2.875E+00 1.230E+01 

Rangas 1 6.667 2.083 -0.081 0.067 2.632 0.024 1.606E-05 3.029E+00 7.744E+00 

Rokam 2 13.333 4.167 -0.132 0.133 5.263 0.036 2.383E-05 4.495E+00 1.393E+01 

Sagagulang 2 13.333 4.167 -0.132 0.133 5.263 0.040 2.678E-05 5.052E+00 1.448E+01 

Salapatau 2 13.333 4.167 -0.132 0.133 5.263 0.027 1.816E-05 3.426E+00 1.286E+01 

Tatumbu 6 40.000 12.500 -0.260 0.267 10.526 0.069 4.628E-05 8.732E+00 3.176E+01 

Tilap 1 6.667 2.083 -0.081 0.067 2.632 0.009 6.100E-06 1.151E+00 5.866E+00 
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Local Name 
Number 

of pole 

Density 

(Pole/Ha) 

Relative 

Density 

(%) 

Shannon 

Index 
Frequency 

Frequency 

Relative 

(%) 

Basal 

Area 

(m2) 

Dominance 

Dominance 

Relative 

(%) 

Important 

Index 

 
46 306.667 95.833 -2.643 2.400 94.737  5.045E-04   
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Analysis vegetation calculation for Saplings in Harvested Rattan Agroforestry 

 

Local Name 
Number 

of Sapling 

Density 

(Sapling

/Ha) 

Relative 

Density 

(%) 

Shannon 

Index 
Frequency 

Frequency 

Relative 

(%) 

Basal 

Area (m2) 
Dominance 

Dominance 

Relative 

(%) 

Important 

Index 

Asem tatap 1 26.667 2.564 -0.094 26.667 2.564 0.004 9.452E-06 2.605 8.294 

Bangkinang 

Bangamat 9 240.000 23.077 -0.338 240.000 23.077 0.029 7.758E-05 21.378 50.705 

Banit 2 53.333 5.128 -0.152 53.333 5.128 0.012 3.289E-05 9.063 20.441 

Bawan 1 26.667 2.564 -0.094 26.667 2.564 0.007 1.924E-05 5.301 10.990 

Jambu Burung 1 26.667 2.564 -0.094 26.667 2.564 0.004 9.452E-06 2.605 8.294 

Kaja 1 26.667 2.564 -0.094 26.667 2.564 0.001 3.317E-06 0.914 6.603 

Kajajirak 1 26.667 2.564 -0.094 26.667 2.564 0.004 1.046E-05 2.883 8.573 

Kamasulan 3 80.000 7.692 -0.197 80.000 7.692 0.014 3.812E-05 10.504 27.571 

Karet 4 106.667 10.256 -0.234 106.667 10.256 0.012 3.251E-05 8.960 31.716 

Madang 1 26.667 2.564 -0.094 26.667 2.564 0.003 9.186E-06 2.531 8.220 

Mangkudu 

Himba 3 80.000 7.692 -0.197 80.000 7.692 0.010 2.658E-05 7.325 24.392 

Matan andau 2 53.333 5.128 -0.152 53.333 5.128 0.009 2.455E-05 6.766 18.145 

Rambai Kawung 3 80.000 7.692 -0.197 80.000 7.692 0.003 8.238E-06 2.270 19.337 

Salapatau 3 80.000 7.692 -0.197 80.000 7.692 0.010 2.620E-05 7.221 24.288 

Sangkuang 1 26.667 2.564 -0.094 26.667 2.564 0.003 8.408E-06 2.317 8.006 

Tatumbu 1 26.667 2.564 -0.094 26.667 2.564 0.004 1.113E-05 3.068 8.757 

Tilap 2 53.333 5.128 -0.152 53.333 5.128 0.006 1.556E-05 4.289 15.667 

 39 1040.000  -2.570 1040.000  
 

3.629E-04   
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Analysis vegetation calculation for Saplings in Abandoned Rattan Agroforestry 

 

Local Name 
Number 

of Sapling 

Density 

(Sapling/

Ha) 

Relative 

Density 

(%) 

Shannon 

Index 
Frequency 

Frequency 

Relative 

(%) 

Basal 

Area 

(m2) 

Dominance 

Dominance 

Relative 

(%) 

Important 

Index 

Banit 3 80.00 8.333 -0.207 0.133 6.667 0.009403 2.507E-05 5.889 20.889 

Bawan 1 26.67 2.778 -0.100 0.067 3.333 0.005218 1.391E-05 3.268 9.379 

Kamasulan 3 80.00 8.333 -0.207 0.200 10.000 0.012869 3.432E-05 8.059 26.393 

Kaja 1 26.67 2.778 -0.100 0.067 3.333 0.003478 9.274E-06 2.178 8.289 

Kajunjung 2 53.33 5.556 -0.161 0.133 6.667 0.007279 1.941E-05 4.559 16.781 

Kananga 1 26.67 2.778 -0.100 0.067 3.333 0.007651 2.040E-05 4.792 10.903 

Kasar Bakei 1 26.67 2.778 -0.100 0.067 3.333 0.011077 2.954E-05 6.937 13.049 

Karet 7 186.67 19.444 -0.318 0.200 10.000 0.026889 7.170E-05 16.840 46.285 

Limpik 

Demek 2 53.33 5.556 -0.161 0.133 6.667 0.005844 1.558E-05 3.660 15.882 

Patanak 1 26.67 2.778 -0.100 0.067 3.333 0.000448 1.194E-06 0.280 6.392 

Rangas 

Manuk 1 26.67 2.778 -0.100 0.067 3.333 0.007213 1.924E-05 4.518 10.629 

Sangeh 1 26.67 2.778 -0.100 0.067 3.333 0.007261 1.936E-05 4.548 10.659 

Salapatau 4 106.67 11.111 -0.244 0.200 10.000 0.018608 4.962E-05 11.654 32.765 

Saraka 1 26.67 2.778 -0.100 0.067 3.333 0.001791 4.777E-06 1.122 7.233 

Tatumbu 4 106.67 11.111 -0.244 0.267 13.333 0.019597 5.226E-05 12.273 36.718 

Tulang 

Handipe 1 26.67 2.778 -0.100 0.067 3.333 0.007504 2.001E-05 4.700 10.811 

Tilap 1 26.67 2.778 -0.100 0.067 3.333 0.005890 1.571E-05 3.689 9.800 

Untk Undang 1 26.67 2.778 -0.100 0.067 3.333 0.001651 4.403E-06 1.034 7.145 

 36 960.00 100 -2.637 2.000 100  4.258E-04   
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Analysis vegetation calculation for Understorey Vegetation in Harvested Rattan Agroforestry 

 

Local Name 
Number 

of Plant 

Shannon 

Index 
Density/Ha 

Relative 

Density (%) 
Frequency 

Relative 

Frequency (%) 

Important Value 

Index 

Bawan 6 -0.091 1000.000 2.439 0.200 2.857 5.296 

Gantalang 7 -0.101 1166.667 2.846 0.200 2.857 5.703 

Hanau 1 -0.022 166.667 0.407 0.067 0.952 1.359 

Jambu Burung 1 -0.022 166.667 0.407 0.067 0.952 1.359 

Kaja 25 -0.232 4166.667 10.163 0.533 7.619 17.782 

Kajajirak 1 -0.022 166.667 0.407 0.067 0.952 1.359 

Kajunjung 8 -0.111 1333.333 3.252 0.333 4.762 8.014 

Kamasulan 18 -0.191 3000.000 7.317 0.333 4.762 12.079 

Kananga 1 -0.022 166.667 0.407 0.067 0.952 1.359 

Karet 5 -0.079 833.333 2.033 0.133 1.905 3.937 

Kayu salah 1 -0.022 166.667 0.407 0.067 0.952 1.359 

Kenyem 5 -0.079 833.333 2.033 0.200 2.857 4.890 

Uei 16 -0.178 2666.667 6.504 0.200 2.857 9.361 

Lepu 3 -0.054 500.000 1.220 0.200 2.857 4.077 

Mamali 5 -0.079 833.333 2.033 0.133 1.905 3.937 

Matan Andau 11 -0.139 1833.333 4.472 0.400 5.714 10.186 

Muhau 1 -0.022 166.667 0.407 0.067 0.952 1.359 

Nini randa 4 -0.067 666.667 1.626 0.133 1.905 3.531 

Patindis 2 -0.039 333.333 0.813 0.133 1.905 2.718 

Pawah 1 -0.022 166.667 0.407 0.067 0.952 1.359 

Pitanak 9 -0.121 1500.000 3.659 0.200 2.857 6.516 

Sagagulang 2 -0.039 333.333 0.813 0.133 1.905 2.718 
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Local Name 
Number 

of Plant 

Shannon 

Index 
Density/Ha 

Relative 

Density (%) 
Frequency 

Relative 

Frequency (%) 

Important Value 

Index 

Sangeh 14 -0.163 2333.333 5.691 0.333 4.762 10.453 

Sangkuang 2 -0.039 333.333 0.813 0.133 1.905 2.718 

Saraka 1 -0.022 166.667 0.407 0.067 0.952 1.359 

Sasumpit 3 -0.054 500.000 1.220 0.200 2.857 4.077 

Sawang Bahandang 1 -0.022 166.667 0.407 0.067 0.952 1.359 

Sawang Kelep 8 -0.111 1333.333 3.252 0.133 1.905 5.157 

Sepang 9 -0.121 1500.000 3.659 0.133 1.905 5.563 

Singkah Bajungan 6 -0.091 1000.000 2.439 0.067 0.952 3.391 

Suli 7 -0.101 1166.667 2.846 0.200 2.857 5.703 

Rangas 1 -0.022 166.667 0.407 0.067 0.952 1.359 

Rangas Manuk 1 -0.022 166.667 0.407 0.067 0.952 1.359 

Rampiang 1 -0.022 166.667 0.407 0.067 0.952 1.359 

Rotan irit 1 -0.022 166.667 0.407 0.067 0.952 1.359 

Rotan Rumbang 11 -0.139 1833.333 4.472 0.067 0.952 5.424 

Tabaras 1 -0.022 166.667 0.407 0.067 0.952 1.359 

Tangkuhis 1 -0.022 166.667 0.407 0.067 0.952 1.359 

Tatumbu 18 -0.191 3000.000 7.317 0.533 7.619 14.936 

Tisik peang 1 -0.022 166.667 0.407 0.067 0.952 1.359 

Tulang Handipe 1 -0.022 166.667 0.407 0.067 0.952 1.359 

Tundai 15 -0.171 2500.000 6.098 0.200 2.857 8.955 

Untek Undang 10 -0.130 1666.667 4.065 0.400 5.714 9.779 

 246 -3.293 41000.000  7.000   
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Analysis vegetation calculation for Understorey Vegetation in Abandoned Rattan Agroforestry 

 

Local Name 
Number 

of Plant 

Shannon 

Index 
Density/Ha 

Relative 

Density (%) 
Frequency 

Relative 

Frequency (%) 

Important Value 

Index 

Bangkinang Bangamat 19 -0.148 3166.667 4.910 0.133 1.941 6.850 

Banit 7 -0.073 1166.667 1.809 0.200 2.911 4.720 

Bajei Behau 7 -0.073 1166.667 1.809 0.067 0.970 2.779 

Bajakah Tampelas 1 -0.015 166.667 0.258 0.067 0.970 1.229 

Bawan 3 -0.038 500.000 0.775 0.200 2.911 3.686 

Galam 4 -0.047 666.667 1.034 0.133 1.941 2.974 

Hawuk 44 -0.247 7333.333 11.370 0.133 1.941 13.310 

Kaja 12 -0.108 2000.000 3.101 0.400 5.822 8.923 

Kajunjung 4 -0.047 666.667 1.034 0.200 2.911 3.945 

Kalakai 1 -0.015 166.667 0.258 0.067 0.970 1.229 

Kamasulan 1 -0.015 166.667 0.258 0.067 0.970 1.229 

Kananga 1 -0.015 166.667 0.258 0.067 0.970 1.229 

Karet 37 -0.224 6166.667 9.561 0.267 3.882 13.442 

Kasar Bakei 1 -0.015 166.667 0.258 0.067 0.970 1.229 

Kayu Sasah 1 -0.015 166.667 0.258 0.067 0.970 1.229 

Lepu 1 -0.015 166.667 0.258 0.067 0.970 1.229 

Muhau 54 -0.275 9000.000 13.953 0.333 4.852 18.806 

Nini Randa 1 -0.015 166.667 0.258 0.067 0.970 1.229 

Palimping Damek 2 -0.027 333.333 0.517 0.133 1.941 2.458 

Pilang 1 -0.015 166.667 0.258 0.067 0.970 1.229 

Pitanak 32 -0.206 5333.333 8.269 0.533 7.763 16.032 

Rantiang/Rampiang 8 -0.080 1333.333 2.067 0.133 1.941 4.008 

Rotan sigi 8 -0.080 1333.333 2.067 0.200 2.911 4.978 
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Local Name 
Number 

of Plant 

Shannon 

Index 
Density/Ha 

Relative 

Density (%) 
Frequency 

Relative 

Frequency (%) 

Important Value 

Index 

Rotan Irit 2 -0.027 333.333 0.517 0.133 1.941 2.458 

Rangas Manuk 3 -0.038 500.000 0.775 0.200 2.911 3.686 

Sagiar 2 -0.027 333.333 0.517 0.133 1.941 2.458 

Sagagulang 2 -0.027 333.333 0.517 0.133 1.941 2.458 

Salapatau 3 -0.038 500.000 0.775 0.200 2.911 3.686 

Sangkuang 3 -0.038 500.000 0.775 0.133 1.941 2.716 

Sangeh 9 -0.087 1500.000 2.326 0.133 1.941 4.266 

Saraka 54 -0.275 9000.000 13.953 0.533 7.763 21.717 

Sasumpit 1 -0.015 166.667 0.258 0.067 0.970 1.229 

Sawang Kelep 4 -0.047 666.667 1.034 0.200 2.911 3.945 

Sepang 4 -0.047 666.667 1.034 0.200 2.911 3.945 

Singkah bajungan 1 -0.015 166.667 0.258 0.067 0.970 1.229 

Suli 5 -0.056 833.333 1.292 0.133 1.941 3.233 

Tatumbu 33 -0.210 5500.000 8.527 0.333 4.852 13.379 

Tatapal 1 -0.015 166.667 0.258 0.067 0.970 1.229 

Teken Parei 1 -0.015 166.667 0.258 0.000 0.000 0.258 

Tilap 1 -0.015 166.667 0.258 0.067 0.970 1.229 

Uei 1 -0.015 166.667 0.258 0.067 0.970 1.229 

Untek Undang 4 -0.047 666.667 1.034 0.200 2.911 3.945 

Uru Humbang 1 -0.015 166.667 0.258 0.067 0.970 1.229 

Uru Tagetu 1 -0.015 166.667 0.258 0.067 0.970 1.229 

Uru Patei Uti 1 -0.015 166.667 0.258 0.067 0.970 1.229 

  -2.915 64500.000  6.867   
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Above Ground Carbon Calculation of Tree in Harvested Rattan Agroforestry 

Plot Size 20 x 100 m 

 

 

Plot 1 Plot 2 Plot 3 

Local Name 
Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 
Local Name 

Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 

Local 

Name 

Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 

Karet 6.37 5.879 2.704 Tilap 8.60 24.612 11.321 Rukam 50.96 3597.513 1654.856 

keput bajuku 6.88 12.906 5.937 Rangas 25.16 191.137 87.923 Buring Pahe 57.64 4183.856 1924.574 

rokam 5.22 9.412 4.330 Rangas 26.43 217.362 99.987 Banit 17.74 198.531 91.324 

Karet 5.61 4.207 1.935 Tatumbu 24.68 509.089 234.181 Kayu lewang 6.37 17.435 8.020 

sagagulang 21.02 109.845 50.529 Rangas 7.32 7.322 3.368 Gandis 5.73 9.845 4.529 

Karet 19.94 120.518 55.438 Enyak beruk 7.64 17.040 7.839 Kayu Sial 19.11 249.004 114.542 

Pilang 7.39 14.383 6.616 Kaluan 12.10 93.103 42.827 Banit 7.96 23.727 10.914 

Karet 14.30 50.057 23.026 Lunuk 50.96 2029.366 933.509 

Tulang 

Handipe 6.05 11.696 5.380 

karet 14.17 48.882 22.486 Madang 44.90 1549.064 712.569 Randa 7.96 24.457 11.250 

Pilang 10.89 40.215 18.499 Rangas 46.18 902.859 415.315 Tampurau 12.48 66.208 30.456 

Rangas Manuk 13.38 83.857 38.574 Kajunjung 11.31 35.153 16.170 Sagagulang 30.89 299.352 137.702 

Karet 6.72 6.768 3.113 Rangas Manuk 28.03 586.964 270.004 Banit 5.57 9.290 4.273 

Sagagulang 9.04 11.767 5.413 Kaluan 28.98 927.157 426.492 Sagagulang 5.41 3.048 1.402 

Karet 13.47 42.728 19.655 Rangas 16.24 60.481 27.821 Banit 9.62 39.143 18.006 

Balanti 11.34 40.077 18.435 Kamasira 23.57 296.509 136.394 Marici 19.43 295.026 135.712 

Gandis 7.13 17.482 8.042 Kaluan 6.37 17.030 7.834 Sengkuang 9.65 30.982 14.252 

Karet 6.43 6.035 2.776 Kamasulan 11.94 62.063 28.549 Rukam 18.15 253.201 116.473 

Karet 14.20 49.174 22.620 Kamasira 13.69 70.794 32.565 Banit 16.69 168.932 77.709 

Karet 18.38 97.221 44.722 Kaja 13.38 98.315 45.225 Banit 22.29 362.259 166.639 

Karet 8.79 13.755 6.327 Kayu kapas 18.47 265.094 121.943 Sengkuang 9.71 31.528 14.503 
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Plot 1 Plot 2 Plot 3 

Local Name 
Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 
Local Name 

Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 

Local 

Name 

Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 

Karet 36.85 592.804 272.690 Kayu kapas 17.52 230.408 105.988 Rangas 24.20 172.775 79.477 

Karet 23.73 190.249 87.515 Kayu kapas 19.75 316.037 145.377 

Tulang 

Handipe 7.64 21.628 9.949 

Karet 6.88 7.198 3.311 Kamasulan 9.71 35.855 16.493 Kayu Sial 22.45 380.435 175.000 

Rokam 10.19 54.772 25.195 Kayu kapas 14.65 143.561 66.038 Tatumbu 22.61 404.896 186.252 

Karet 5.51 4.016 1.847 Kayu kapas 11.31 72.156 33.192 Sengkuang 7.96 18.617 8.564 

sengkuang 14.52 91.718 42.190 Kayu kapas 7.96 28.472 13.097 Kayu Sial 23.89 447.292 205.754 

Karet 5.92 4.861 2.236 Kayu kapas 15.29 160.708 73.926 Banit 12.80 83.659 38.483 

Pating bintang 10.29 30.952 14.238 Kaja 7.32 19.916 9.161 Banit 5.41 8.613 3.962 

Karet 16.72 75.751 34.845 Hampalam 7.64 28.838 13.265 Banit 7.32 19.037 8.757 

karet 20.38 127.739 58.760 Rangas Manuk 18.47 197.121 90.676 Belanti 16.56 109.512 50.376 

Karet 14.65 53.375 24.553 

Tusuk 

Karandang 13.85 92.043 42.340 

Jambu 

Burung 12.74 64.777 29.797 

Rengas Manuk 7.96 21.172 9.739 Tilap 14.65 101.229 46.565 Banit 25.80 530.396 243.982 

Rengas Manuk 32.48 859.061 395.168 Kaluan 16.40 208.531 95.924 Banit 23.63 421.947 194.095 

Tatumbu 13.06 94.934 43.670 Kaluan 14.97 163.676 75.291 

Jambu 

Burung 44.59 1687.107 776.069 

Pilang 9.55 28.400 13.064 Kayu kapas 21.97 418.618 192.564 Buring Pahe 11.15 59.688 27.457 

Rangas Manuk 26.43 504.280 231.969 Kayu kapas 14.97 151.985 69.913 Sengkuang 9.55 30.175 13.881 

Karet 15.92 66.574 30.624 

Tusuk 

Karandang 10.51 44.195 20.330 Banit 7.01 16.932 7.789 

Sagagulang 6.05 4.076 1.875 Kajunjung 39.49 926.087 426.000 Tampurau 12.74 69.857 32.134 

Karet 29.14 324.658 149.343 Jambu burung 10.19 35.813 16.474 Buring Pahe 28.66 718.676 330.591 

Karet 30.89 377.444 173.624 Kayu kapas 24.52 557.771 256.575 Kalewang 5.48 11.749 5.404 

Karet 25.54 230.601 106.076 Kayu kapas 23.57 502.776 231.277 Sagagulang 5.73 3.538 1.628 

Lunuk 6.37 8.920 4.103 Kamasulan 37.90 1273.460 585.792 Buring Pahe 11.31 61.980 28.511 
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Plot 1 Plot 2 Plot 3 

Local Name 
Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 
Local Name 

Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 

Local 

Name 

Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 

Karet 6.43 6.035 2.776 Muhur 23.57 354.521 163.080 Kayu Sial 28.50 708.387 325.858 

Kamasulan 14.75 108.607 49.959 Muhur 9.24 29.743 13.682 Kayu Sial 18.15 217.494 100.047 

Kananga 27.39 333.704 153.504 Muhur 12.42 65.315 30.045 

Jambu 

Burung 35.35 937.957 431.460 

Rokam 16.56 198.650 91.379 Randa 26.75 600.946 276.435 Kalewang 7.01 22.402 10.305 

Kamasulan 9.87 37.436 17.221 Gandis 23.89 427.264 196.541 Randa 6.05 11.873 5.462 

Karet 15.92 66.574 30.624 Kamasulan 12.74 73.668 33.887 Buring Pahe 14.01 109.599 50.416 

Bawan 13.38 83.857 38.574 Kamasira 37.26 967.415 445.011 Buring Pahe 17.52 197.915 91.041 

Kamasulan 12.10 64.285 29.571 Karet 25.92 239.692 110.258 Buring Pahe 20.38 295.122 135.756 

Kaja 7.96 24.822 11.418 Sangkuang 33.25 801.826 368.840 Buring Pahe 50.96 3090.171 1421.479 

Rangas Manuk 15.29 119.501 54.970 Kaluan 33.89 1386.444 637.764 

Tulang 

Handipe 28.66 707.950 325.657 

Tilap 8.92 27.101 12.467 Rangas Manuk 15.61 126.211 58.057 

Jambu 

Burung 20.70 233.991 107.636 

Kananga 13.06 47.467 21.835 Kamasira 12.10 50.985 23.453 Kananga 29.46 402.992 185.376 

Rangas Manuk 8.92 28.579 13.147 Tatumbu 59.24 4671.343 2148.818 Kananga 28.66 375.428 172.697 

Rangas Manuk 10.29 41.750 19.205 Kayu kapas 20.25 337.955 155.459 Kananga 19.11 130.076 59.835 

Rangas Manuk 19.81 237.003 109.021 Kaja 14.43 120.168 55.277 Kananga 20.70 160.582 73.868 

Rangas Manuk 17.55 172.154 79.191 Kajunjung 17.42 110.640 50.894 Kananga 29.62 408.644 187.976 

Tilap 7.36 16.294 7.495 Karet 11.53 28.255 12.997 

Jambu 

Burung 11.15 45.434 20.900 

Tatumbu 9.24 37.855 17.413 Kamasira 12.80 59.205 27.234 Bawan 15.92 133.148 61.248 

Rangas 15.57 54.108 24.889 Kajunjung 7.42 11.516 5.298 Banit 17.20 182.918 84.142 

kananga 55.73 2012.654 925.821 

Tusuk 

Karandang 30.00 699.972 321.987 Sangkuang 5.41 6.758 3.109 

Kaja 5.45 9.149 4.209 Kayu kapas 15.32 161.596 74.334 Banit 5.80 10.292 4.734 

Tatumbu 8.69 32.255 14.837 Kamasira 39.46 1118.766 514.632 Banit 18.15 211.001 97.061 
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Plot 1 Plot 2 Plot 3 

Local Name 
Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 
Local Name 

Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 

Local 

Name 

Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 

Tilap 9.11 28.668 13.187 Kamasira 21.18 224.089 103.081 Sangkuang 6.21 9.675 4.450 

Kamasulan 5.61 8.413 3.870 Jambu burung 7.32 14.937 6.871 Sangkuang 22.29 284.234 130.747 

Tilap 8.44 23.423 10.775 

Bangkinang Bang 

amat 21.78 288.494 132.707 Buring Pahe 37.90 1471.066 676.691 

Madang 8.12 17.694 8.139 Kaluan 6.75 19.848 9.130 Banit 9.55 38.459 17.691 

Lunuk 8.54 19.306 8.881 kayu kapas 14.24 133.050 61.203 

Tulang 

Handipe 15.29 135.983 62.552 

Kaluan 5.00 9.050 4.163 Rukam 14.33 135.432 62.299 Sangkuang 15.92 117.079 53.856 

Katumbu 5.06 7.794 3.585 Kahui 67.20 6244.509 2872.474 Bintan 18.15 266.186 122.446 

Rangas Manuk 9.90 37.758 17.369 Kayu kapas 12.74 99.070 45.572 

Jambu 

Burung 19.11 189.540 87.188 

Kamasulan 52.61 2894.857 1331.634 Kayu kapas 16.88 208.916 96.101 

Tulang 

Handipe 6.37 13.380 6.155 

Katumbu 5.16 8.182 3.764 Karet 12.10 32.143 14.786 Kelewang 7.96 31.393 14.441 

Rangas Manuk 7.13 15.843 7.288 Rangas 5.41 3.313 1.524 Banit 5.41 8.613 3.962 

Tatumbu 9.36 39.256 18.058 Kamasira 12.10 50.985 23.453 Buring Pahe 54.14 3588.285 1650.611 

Kamasulan 10.54 44.552 20.494 Karet 7.96 10.586 4.870 Kalewang 26.75 771.364 354.827 

Kananga 4.94 3.647 1.678 Tatumbu 40.13 1776.397 817.143 Banit 21.34 322.937 148.551 

Pilang 6.08 8.624 3.967 Untek undang 8.50 27.109 12.470 Sangkuang 9.55 30.175 13.881 

Lunuk 5.48 6.011 2.765 Kajunjung 37.64 820.165 377.276 Kalewang 11.15 76.615 35.243 

Kamasulan 14.08 96.025 44.172 Karet 22.45 164.666 75.746 Banit 9.55 38.459 17.691 

Pilang 5.89 7.932 3.649 Kenyem 14.65 103.070 47.412 Banit 11.15 57.907 26.637 

Kananga 4.97 3.709 1.706 Kaluan 25.70 678.845 312.269 

Untek 

undang 6.37 12.569 5.782 

Kaja 5.06 7.571 3.483 Karet 16.56 73.857 33.974 Sagagulang 11.78 23.749 10.925 

Pilang 6.53 10.383 4.776 Kajunjung 19.65 152.013 69.926 

Jambu 

Burung 22.29 284.234 130.747 
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Plot 1 Plot 2 Plot 3 

Local Name 
Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 
Local Name 

Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 

Local 

Name 

Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 

Kamasulan 5.29 7.223 3.323 Kaluan 15.29 173.070 79.612 

Jambu 

Burung 26.43 443.418 203.972 

Kamasulan 6.11 10.564 4.860 Madang 5.51 6.380 2.935 

Jambu 

Burung 10.19 35.813 16.474 

lunuk 47.93 1743.515 802.017 Kaluan 19.14 313.557 144.236 

Untek 

undang 11.46 59.910 27.558 

Kananga 38.85 818.564 376.540 Enyak Beruk 8.63 23.498 10.809 Sangkuang 21.97 273.712 125.907 

Kaja 6.11 12.386 5.697 Kamasulan 12.74 73.668 33.887 Bawan 12.74 73.668 33.887 

Lunuk 6.40 9.038 4.157 sengkuang 9.87 32.918 15.142 Banit 19.43 252.325 116.069 

Kaja 4.94 7.086 3.260 sengkuang 5.73 7.845 3.609 Buring Pahe 28.66 718.676 330.591 

Pilang 6.21 9.106 4.189 sengkuang 5.64 7.508 3.454 Banit 17.20 182.918 84.142 

Kananga 5.41 4.638 2.133 Karet 9.55 17.158 7.893 Kamasulan 32.48 859.061 395.168 

Kamasulan 14.81 109.855 50.533 sengkuang 7.48 15.809 7.272 

Tulang 

Handipe 38.54 1511.708 695.386 

Pilang 11.15 42.762 19.670 Kaluan 19.11 312.184 143.604 Kayu Sial 25.48 529.314 243.485 

Kananga 5.73 5.384 2.477 

Tusuk 

Karandang 8.69 26.725 12.294 

Untek 

undang 13.69 95.417 43.892 

Madang 9.87 29.691 13.658 Baka 51.59 2615.790 1203.263 

Bangkinang 

Bangamat 19.11 204.406 94.027 

Kaja 5.10 7.695 3.540 Karet 39.49 706.750 325.105 Rangas 15.61 63.105 29.028 

Kananga 17.52 103.388 47.559 

Tusuk 

Karandang 31.85 816.445 375.565 

Tulang 

Handipe 24.84 488.118 224.534 

Pilang 41.40 1318.082 606.318 Kamasulan 26.11 488.632 224.771 

Tulang 

Handipe 50.96 3044.049 1400.263 

Pilang 12.10 53.202 24.473 Kaluan 26.11 707.673 325.530 Katapi 57.32 2772.297 1275.257 

Madang 53.50 2392.941 1100.753 Kamasulan 27.39 552.996 254.378 

Jambu 

Burung 6.37 10.339 4.756 

Kaja 24.20 469.949 216.176 Rangas 65.29 2111.052 971.084 Kaja 5.89 11.238 5.169 

Kananga 21.66 180.784 83.161 kaluwan 38.54 1923.992 885.036 Katapi 10.89 37.701 17.343 
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Plot 1 Plot 2 Plot 3 

Local Name 
Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 
Local Name 

Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 

Local 

Name 

Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 

Lunuk 21.02 210.139 96.664 kaluwan 25.48 663.618 305.264 Kalewang 7.01 22.402 10.305 

Pilang 32.17 693.181 318.863 kaja 13.69 104.651 48.140 

Madang 

Batu 8.28 20.247 9.314 

Kaja 23.57 438.317 201.626 rangas manuk 19.11 215.555 99.155 Buring Pahe 9.87 43.246 19.893 

Kamasulan 12.42 68.877 31.684 kahui 15.61 150.147 69.068 Buring Pahe 24.52 479.111 220.391 

Pilang 16.24 116.123 53.417 kamasira 24.84 340.203 156.494 Rangas 40.99 669.320 307.887 

Kananga 15.92 80.348 36.960 kaja 50.96 3136.293 1442.695 Kalewang 28.12 878.035 403.896 

Madang 14.01 75.247 34.614 kaja 57.32 4189.250 1927.055 

Jambu 

Burung 13.38 73.736 33.919 

Kaja 17.83 210.661 96.904 kaluwan 6.37 17.030 7.834 Kalewang 18.47 292.283 134.450 

Kamasulan 21.34 288.159 132.553 kahui 5.89 11.403 5.245 Tampurau 15.99 127.603 58.697 

Kananga 38.22 784.965 361.084 kahui 10.89 57.809 26.592 Banit 13.34 93.385 42.957 

Kananga 8.28 14.173 6.519 kaluwan 7.01 21.881 10.065 Rangas 14.97 48.713 22.408 

Kaja 39.49 1657.208 762.316 rangas manuk 16.56 147.714 67.949 

Untek 

undang 7.01 16.150 7.429 

Lunuk 8.60 19.689 9.057 kaluwan 19.65 336.029 154.573 Buring Pahe 50.96 3090.171 1421.479 

Pilang 6.37 9.731 4.476 rangas manuk 15.29 119.501 54.970 Sangkuang 12.74 64.777 29.797 

Madang 11.78 47.498 21.849 kaja 5.51 9.431 4.338 Sengkuang 8.92 25.130 11.560 

Kananga 17.20 98.494 45.307 kahui 19.14 257.564 118.480 

Tulang 

Handipe 36.82 1346.174 619.240 

Kaja 12.10 75.369 34.670 kahui 8.63 31.180 14.343 Bawan 7.96 21.172 9.739 

Madang 11.46 44.164 20.316 kaluwan 12.74 106.691 49.078 

Tulang 

Handipe 12.74 83.829 38.561 

Rangas Manuk 41.40 1592.683 732.634 kahui 9.87 44.536 20.487 Sangkuang 47.77 2004.229 921.945 

Pilang 13.69 73.872 33.981 kaja 5.73 10.461 4.812 Banit 14.01 106.327 48.911 

Kaja 10.51 51.815 23.835 kaluwan 5.64 12.367 5.689 Banit 12.74 82.559 37.977 

Kamasulan 20.38 255.479 117.520 kamasira 9.55 27.217 12.520 

Jambu 

Burung 30.19 625.660 287.804 
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Plot 1 Plot 2 Plot 3 

Local Name 
Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 
Local Name 

Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 

Local 

Name 

Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 

Kananga 21.34 173.889 79.989 kaluwan 7.48 26.038 11.978 Rangas 7.01 6.512 2.996 

Madang 12.42 54.627 25.128 kaja 19.11 252.720 116.251 

Jambu 

Burung 23.44 324.112 149.091 

Kananga 28.44 367.916 169.241 kamasira 7.64 15.074 6.934 Sengkuang 13.06 69.166 31.817 

Kaja 9.55 40.234 18.507 kaja 16.56 173.182 79.664 Kayu Sial 17.83 207.563 95.479 

Kaja 39.17 1623.583 746.848 kahui 7.96 25.187 11.586 

Jambu 

Burung 10.67 40.445 18.605 

Madang 16.88 123.207 56.675 kahui 6.05 12.228 5.625 Kayu Sial 24.59 482.365 221.888 

Kananga 6.37 7.096 3.264 kaluwan 14.01 137.408 63.208 Tampurau 41.40 1510.303 694.739 

Madang 5.41 6.095 2.804 rangas manuk 7.01 15.108 6.950 

Tulang 

Handipe 15.92 151.513 69.696 

Pilang 7.01 12.504 5.752 kahui 6.37 13.989 6.435 Banit 18.79 231.100 106.306 

Rangas Manuk 42.36 1686.871 775.960 rangas manuk 19.43 225.151 103.570 Kamasulan 8.28 23.486 10.804 

Kaja 5.41 9.011 4.145 kaluwan 6.37 17.030 7.834 Kananga 15.76 78.238 35.989 

Kananga 7.01 9.117 4.194 kahui 10.19 48.452 22.288 

Jambu 

Burung 19.43 197.978 91.070 

Madang 5.41 6.095 2.804 kaja 5.41 9.011 4.145 

Jambu 

Burung 23.92 341.663 157.165 

Kamasulan 4.46 4.645 2.137 karet 12.74 36.834 16.944 Rangas 8.18 9.817 4.516 

Kananga 10.19 24.577 11.306 karet 21.02 138.500 63.710 Banit 16.56 165.542 76.149 

Kaja 7.64 22.284 10.250 kaluwan 8.92 41.391 19.040 Katiau 15.29 129.802 59.709 

Kananga 16.56 89.138 41.003 kaja 12.80 87.521 40.259 

Madang 

Batu 31.21 668.183 307.364 

Pilang 7.96 17.521 8.060 rangas manuk 12.42 68.877 31.684 Banit 12.10 72.044 33.140 

Madang 6.05 8.152 3.750 kahui 7.13 18.848 8.670 Banit 25.48 513.514 236.216 

Pilang 14.01 78.519 36.119 kaluwan 5.41 11.131 5.120 

Tulang 

Handipe 8.92 32.521 14.960 

Kaja 7.01 17.713 8.148 rangas manuk 15.92 133.148 61.248 Sagagulang 12.80 29.603 13.617 
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Plot 1 Plot 2 Plot 3 

Local Name 
Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 
Local Name 

Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 

Local 

Name 

Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 

Madang 6.37 9.326 4.290 rangas manuk 20.06 245.111 112.751 Katiau 12.42 74.815 34.415 

Rangas Manuk 19.43 225.151 103.570 karet 16.88 77.674 35.730 Banit 7.13 17.755 8.167 

Kananga 6.37 7.096 3.264 karet 42.68 859.476 395.359 Kelewang 5.41 8.878 4.084 

Madang 10.19 32.302 14.859 kaluwan 9.55 49.700 22.862 

Jambu 

Burung 15.92 117.079 53.856 

Kamasulan 5.41 7.686 3.535 karet 22.61 167.743 77.162 

Jambu 

Burung 20.06 215.528 99.143 

Kaja 12.74 86.369 39.730 kaluwan 63.69 6683.420 3074.373 Sangkuang 16.88 136.599 62.836 

Madang 21.02 219.690 101.058 karet 17.68 87.737 40.359 Buring Pahe 42.68 1985.685 913.415 

Kamasulan 16.24 140.315 64.545 kaja 26.11 572.878 263.524 Rukam 9.55 46.150 21.229 

Pilang 10.51 36.575 16.825 rangas manuk 12.74 73.668 33.887 

Jambu 

Burung 22.61 294.996 135.698 

Kaja 18.79 241.767 111.213 kaluwan 6.37 17.030 7.834 

Jambu 

Burung 63.69 4057.791 1866.584 

Madang 9.87 29.691 13.658 karet 18.31 96.334 44.314 Banit 17.68 196.653 90.460 

Pilang 6.69 11.062 5.089 kaja 31.85 957.211 440.317 

Tulang 

Handipe 26.11 556.029 255.773 

Madang 11.15 40.980 18.851         

Kananga 24.20 241.885 111.267     Parut 12.74 82.559 37.977 

Pilang 5.10 5.432 2.499     Kaja 6.37 13.786 6.341 

Kaja 16.88 182.132 83.781     Sagagulang 18.31 76.403 35.145 

Madang 5.10 5.998 2.759     Kayu Sial 31.85 943.134 433.842 

Kananga 8.28 14.173 6.519     Banit 6.69 14.980 6.891 

Rangas Manuk 6.05 10.278 4.728     

Jambu 

Burung 11.46 48.965 22.524 

Kamasulan 24.20 400.839 184.386     Sengkuang 8.92 25.130 11.560 

Pilang 24.84 354.995 163.298     

Untek 

undang 6.85 15.202 6.993 
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Plot 1 Plot 2 Plot 3 

Local Name 
Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 
Local Name 

Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 

Local 

Name 

Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 

Kaja 38.54 1557.517 716.458     Banit 30.57 823.701 378.902 

Kaja 5.41 9.011 4.145     Banit 13.18 90.455 41.609 

Madang 7.32 13.472 6.197     Buring Pahe 19.49 262.341 120.677 

Madang 6.37 9.326 4.290     Kayu Sial 18.79 238.211 109.577 

Kananga 25.16 267.592 123.092     Banit 17.52 192.007 88.323 

Madang 13.06 62.385 28.697     Kalewang 7.83 23.436 10.781 

rangas manuk 6.69 13.367 6.149     

Keput 

Bajuku 6.05 9.215 4.239 

kaluwan 24.20 580.525 267.041     Bawan 25.16 443.438 203.982 

karet 24.84 214.476 98.659         

karet 38.54 664.235 305.548         

kaja 5.41 9.011 4.145         

kaluwan 7.32 24.602 11.317         

kaja 6.37 13.786 6.341         

karet 25.16 221.719 101.991         

karet 13.06 39.330 18.092         

kaluwan 9.55 49.700 22.862         

kaja 9.24 36.774 16.916         

rangas manuk 37.90 1273.460 585.792         

kaluwan 14.01 137.408 63.208         

kaja 8.92 33.507 15.413         

rangas manuk 34.08 971.186 446.745         

kaluwan 17.83 260.228 119.705         

karet 29.30 329.264 151.461         

kaja 10.83 56.090 25.802         
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Plot 1 Plot 2 Plot 3 

Local Name 
Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 
Local Name 

Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 

Local 

Name 

Diameter 

(cm) 

Biomass 

(Kg) 

Carbon 

(Kg) 

rangas manuk 12.74 73.668 33.887         

rangas manuk 12.10 64.285 29.571         

TOTAL 39511.767 18175.413 TOTAL 69713.700 32068.302 TOTAL 69768.199 32093.372 
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Calculation of above ground carbon stock on rattan in harvested rattan agroforestry 

Plot size 20 x 100 m 

 

Plot 1 Plot 2 Plot 3 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

15.80 1309.303 602.279 8.43 698.571 321.343 8.41 696.914 320.580 

9.20 762.379 350.694 8.02 664.595 305.714 10.25 849.389 390.719 

6.12 507.148 233.288 10.12 838.617 385.764 13.35 1106.278 508.888 

8.02 664.595 305.714 11.94 989.435 455.140 10.39 860.991 396.056 

10.12 838.617 385.764 11.74 972.862 447.516 13.18 1092.190 502.408 

11.53 955.459 439.511 12.77 1058.215 486.779 12.25 1015.124 466.957 

11.50 952.973 438.368 26.64 2207.584 1015.489 9.10 754.092 346.882 

11.50 952.973 438.368 9.96 825.358 379.665 8.25 683.655 314.481 

7.07 585.872 269.501 10.44 865.134 397.962 9.81 812.928 373.947 

10.74 889.994 409.397 8.22 681.169 313.338 10.01 829.501 381.571 

12.62 1045.785 481.061 8.24 682.826 314.100 9.25 766.522 352.600 

13.79 1142.739 525.660 8.31 688.627 316.768 8.05 667.081 306.857 

12.62 1045.785 481.061 9.14 757.407 348.407 9.51 788.068 362.511 

13.75 1139.425 524.135 9.14 757.407 348.407 8.88 735.861 338.496 

12.72 1054.072 484.873 25.22 2089.912 961.360 9.31 771.494 354.887 

13.62 1128.652 519.180 25.68 2128.031 978.894 10.05 832.816 383.095 

12.11 1003.522 461.620 8.21 680.340 312.956 8.78 727.575 334.684 

12.97 1074.788 494.403 25.96 2151.234 989.568 10.55 874.250 402.155 

12.89 1068.159 491.353 10.39 860.991 396.056 10.10 836.959 385.001 

13.01 1078.103 495.927 13.84 1146.883 527.566 9.91 821.215 377.759 

13.44 1113.736 512.319 6.75 559.354 257.303 8.58 711.001 327.060 

12.17 1008.495 463.907 8 662.938 304.952 10.13 839.445 386.145 
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Plot 1 Plot 2 Plot 3 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

13.49 1117.879 514.224 8.12 672.882 309.526 19.46 1612.597 741.795 

13.50 1118.708 514.606 8.91 738.347 339.640 15.25 1263.726 581.314 

12.50 1035.841 476.487 9.88 818.728 376.615 10.38 860.162 395.675 

13.05 1081.418 497.452 7.06 585.043 269.120 10.99 910.711 418.927 

13.42 1112.079 511.556 7.82 648.022 298.090 13.10 1085.561 499.358 

12.48 1034.183 475.724 8.07 668.739 307.620 9.81 812.928 373.947 

12.45 1031.697 474.581 8.57 710.172 326.679 10.35 857.676 394.531 

13.08 1083.904 498.596 7.54 624.819 287.417 14.79 1225.607 563.779 

13.01 1078.103 495.927 6.37 527.864 242.818 8.50 704.372 324.011 

14.01 1160.970 534.046 18.6 1541.331 709.012 16.09 1333.334 613.334 

13.30 1102.135 506.982 18.6 1541.331 709.012 11.85 981.977 451.709 

12.34 1022.582 470.388 8.95 741.662 341.164 14.29 1184.173 544.720 

12.75 1056.558 486.016 8.25 683.655 314.481 19.53 1618.398 744.463 

13.10 1085.561 499.358 8.3 687.798 316.387 10.59 877.564 403.680 

12.12 1004.351 462.002 6.65 551.067 253.491 11.21 928.942 427.313 

12.74 1055.729 485.635 7.7 638.078 293.516 10.31 854.361 393.006 

13.80 1143.568 526.041 7.03 582.557 267.976 10.55 874.250 402.155 

13.30 1102.135 506.982 7.07 585.872 269.501 11.01 912.368 419.690 

12.87 1066.502 490.591 9.34 773.980 356.031 18.21 1509.013 694.146 

12.70 1052.414 484.111 6.21 514.606 236.719 15.21 1260.411 579.789 

12.90 1068.988 491.734 5.87 486.431 223.758 15.63 1295.215 595.799 

15.47 1281.956 589.700 8.84 732.547 336.971 12.01 995.236 457.808 

14.83 1228.921 565.304 6.49 537.808 247.392 13.56 1123.680 516.893 

12.98 1075.617 494.784 11.5 952.973 438.368 14.20 1176.715 541.289 
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Plot 1 Plot 2 Plot 3 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

10.73 889.166 409.016 10.36 858.505 394.912 14.21 1177.544 541.670 

9.51 788.068 362.511 8.13 673.711 309.907 12.22 1012.638 465.813 

15.43 1278.642 588.175 7.34 608.246 279.793 13.27 1099.648 505.838 

8.42 697.742 320.961 6.49 537.808 247.392 12.43 1030.040 473.818 

15.83 1311.789 603.423 11.5 952.973 438.368 10.03 831.159 382.333 

9.31 771.494 354.887 10.36 858.505 394.912 11.44 948.001 436.081 

11.47 950.487 437.224 7.2 596.644 274.456 12.56 1040.813 478.774 

16.73 1386.369 637.730 9.86 817.071 375.853 12.57 1041.641 479.155 

14.37 1190.802 547.769 5.84 483.945 222.615 13.82 1145.225 526.804 

14.55 1205.719 554.631 14.88 1233.065 567.210 12.91 1069.816 492.115 

15.01 1243.838 572.165 7.28 603.274 277.506 13.77 1141.082 524.898 

14.96 1239.694 570.259 11.69 968.718 445.610 14.70 1218.149 560.348 

7.04 583.385 268.357 7.98 661.281 304.189 15.51 1285.271 591.225 

9.20 762.379 350.694 13.98 1158.484 532.903 14.32 1186.659 545.863 

7.77 643.879 296.184 6.49 537.808 247.392 14.26 1181.687 543.576 

6.83 565.983 260.352 11.5 952.973 438.368 12.25 1015.124 466.957 

9.45 783.096 360.224 10.36 858.505 394.912 13.80 1143.568 526.041 

10.43 864.305 397.581 6.49 537.808 247.392 14.92 1236.379 568.735 

10.15 841.103 386.907 11.5 952.973 438.368 14.71 1218.977 560.730 

8.41 696.914 320.580 10.36 858.505 394.912 12.93 1071.474 492.878 

13.76 1140.253 524.517 8.07 668.739 307.620 12.90 1068.988 491.734 

14.10 1168.428 537.477 8.57 710.172 326.679 13.41 1111.250 511.175 

14.77 1223.949 563.017 7.54 624.819 287.417 11.30 936.400 430.744 

15.03 1245.495 572.928 6.37 527.864 242.818 12.22 1012.638 465.813 
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Plot 1 Plot 2 Plot 3 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

14.33 1187.488 546.244 6.49 537.808 247.392 13.24 1097.162 504.695 

10.62 880.050 404.823 11.5 952.973 438.368 14.59 1209.033 556.155 

10.52 871.764 401.011 8.07 668.739 307.620 14.32 1186.659 545.863 

12.31 1020.096 469.244 8.57 710.172 326.679 12.15 1006.837 463.145 

10.97 909.054 418.165 7.54 624.819 287.417 11.26 933.085 429.219 

11.71 970.376 446.373 8.02 664.595 305.714 11.18 926.456 426.170 

11.43 947.173 435.699 10.12 838.617 385.764 10.93 905.739 416.640 

14.58 1208.205 555.774 11.94 989.435 455.140 10.85 899.110 413.590 

10.12 838.617 385.764 11.74 972.862 447.516 12.86 1065.673 490.210 

15.32 1269.526 583.982 6.49 537.808 247.392 12.30 1019.267 468.863 

7.50 621.504 285.892 11.5 952.973 438.368 12.27 1016.781 467.719 

18.69 1548.789 712.443 8.07 668.739 307.620 13.25 1097.991 505.076 

6.41 531.179 244.342 8.57 710.172 326.679 14.32 1186.659 545.863 

12.26 1015.953 467.338 7.54 624.819 287.417 15.36 1272.841 585.507 

14.83 1228.921 565.304 8.02 664.595 305.714 14.56 1206.547 555.012 

8.73 723.431 332.778 10.12 838.617 385.764 11.48 951.316 437.605 

10.75 890.823 409.779 9.86 817.071 375.853 11.70 969.547 445.992 

11.73 972.033 447.135 5.84 483.945 222.615 11.71 970.376 446.373 

12.33 1021.753 470.007 14.88 1233.065 567.210 17.48 1448.520 666.319 

12.45 1031.697 474.581 7.28 603.274 277.506 15.23 1262.068 580.551 

13.91 1152.684 530.234 11.69 968.718 445.610 18.19 1507.355 693.383 

13.80 1143.568 526.041 6.21 514.606 236.719 14.11 1169.257 537.858 

12.60 1044.127 480.299 5.87 486.431 223.758 12.30 1019.267 468.863 

11.78 976.176 449.041 8.84 732.547 336.971 13.38 1108.764 510.031 
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Plot 1 Plot 2 Plot 3 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

15.40 1276.156 587.032 14.88 1233.065 567.210 12.11 1003.522 461.620 

15.05 1247.152 573.690 7.28 603.274 277.506 9.49 786.410 361.749 

19.53 1618.398 744.463 11.69 968.718 445.610 11.40 944.687 434.556 

18.00 1491.611 686.141 8.84 732.547 336.971 11.48 951.316 437.605 

14.27 1182.516 543.957 7.28 603.274 277.506 9.53 789.725 363.273 

9.44 782.267 359.843 8.84 732.547 336.971 12.12 1004.351 462.002 

5.27 436.710 200.887 14.88 1233.065 567.210 11.07 917.341 421.977 

7.71 638.907 293.897 7.28 603.274 277.506 9.93 822.872 378.521 

7.35 609.074 280.174 9.15 758.235 348.788 9.86 817.071 375.853 

16.34 1354.051 622.863 8.84 732.547 336.971 10.45 865.963 398.343 

19.52 1617.569 744.082 7.28 603.274 277.506 12.12 1004.351 462.002 

18.73 1552.104 713.968 14.88 1233.065 567.210 12.43 1030.040 473.818 

18.91 1567.020 720.829 7.28 603.274 277.506 11.67 967.061 444.848 

11.23 930.599 428.076 7.28 603.274 277.506 8.49 703.543 323.630 

9.12 755.749 347.645 8.84 732.547 336.971 8.21 680.340 312.956 

9.00 745.805 343.070 11.94 989.435 455.140 10.12 838.617 385.764 

11.70 969.547 445.992 11.74 972.862 447.516 10.65 882.536 405.967 

16.11 1334.992 614.096 11.5 952.973 438.368 12.13 1005.180 462.383 

10.60 878.393 404.061 10.36 858.505 394.912 10.39 860.991 396.056 

9.06 750.777 345.358 8.07 668.739 307.620 8.21 680.340 312.956 

14.75 1222.292 562.254 8.57 710.172 326.679 8.89 736.690 338.877 

9.21 763.207 351.075 14.88 1233.065 567.210 10.51 870.935 400.630 

12.53 1038.327 477.630 7.28 603.274 277.506 15.15 1255.439 577.502 

10.31 854.361 393.006 11.23 930.599 428.076 8.85 733.375 337.353 
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Plot 1 Plot 2 Plot 3 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

10.75 890.823 409.779 12.01 995.236 457.808 12.59 1043.299 479.917 

9.87 817.900 376.234 13.44 1113.736 512.319 15.47 1281.956 589.700 

12.77 1058.215 486.779 16.73 1386.369 637.730 9.24 765.693 352.219 

13.75 1139.425 524.135 13.51 1119.537 514.987 7.13 590.844 271.788 

12.99 1076.446 495.165 12.59 1043.299 479.917 7.15 592.501 272.550 

10.83 897.452 412.828 7.2 596.644 274.456 7.19 595.816 274.075 

9.78 810.442 372.803 13.59 1126.166 518.036 12.84 1064.016 489.447 

13.40 1110.421 510.794 10.31 854.361 393.006 13.51 1119.537 514.987 

13.75 1139.425 524.135 10.75 890.823 409.779 12.59 1043.299 479.917 

12.52 1037.498 477.249 9.87 817.900 376.234 7.20 596.644 274.456 

11.70 969.547 445.992 12.77 1058.215 486.779 13.59 1126.166 518.036 

10.75 890.823 409.779 13.75 1139.425 524.135 12.51 1036.669 476.868 

12.44 1030.869 474.200 12.55 1039.984 478.393 11.88 984.463 452.853 

10.10 836.959 385.001 12.91 1069.816 492.115 12.17 1008.495 463.907 

11.39 943.858 434.175 10.99 910.711 418.927 12.01 995.236 457.808 

11.47 950.487 437.224 14.25 1180.858 543.195 12.12 1004.351 462.002 

12.61 1044.956 480.680 11.43 947.173 435.699 12.95 1073.131 493.640 

13.73 1137.767 523.373 12.43 1030.040 473.818 12.52 1037.498 477.249 

7.48 619.847 285.130 13.44 1113.736 512.319 12.55 1039.984 478.393 

15.26 1264.554 581.695 13.29 1101.306 506.601 13.02 1078.932 496.309 

12.85 1064.844 489.828 12.25 1015.124 466.957 14.51 1202.404 553.106 

13.50 1118.708 514.606 12.1 1002.694 461.239 13.25 1097.991 505.076 

13.75 1139.425 524.135 12.03 996.893 458.571 12.93 1071.474 492.878 

12.55 1039.984 478.393 13.5 1118.708 514.606 12.77 1058.215 486.779 
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Plot 1 Plot 2 Plot 3 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

12.43 1030.040 473.818 13.63 1129.481 519.561 12.55 1039.984 478.393 

9.74 807.127 371.278 9.93 822.872 378.521 12.91 1069.816 492.115 

10.25 849.389 390.719 9.86 817.071 375.853 10.99 910.711 418.927 

10.10 836.959 385.001 10.45 865.963 398.343 14.25 1180.858 543.195 

10.35 857.676 394.531 12.12 1004.351 462.002 12.47 1033.355 475.343 

11.43 947.173 435.699 12.43 1030.040 473.818 7.40 613.218 282.080 

12.43 1030.040 473.818 11.67 967.061 444.848 7.25 600.788 276.362 

13.44 1113.736 512.319 8.49 703.543 323.630 12.33 1021.753 470.007 

13.29 1101.306 506.601 19.39 1606.796 739.126 12.55 1039.984 478.393 

12.25 1015.124 466.957 16.71 1384.712 636.967 12.79 1059.872 487.541 

12.10 1002.694 461.239 16.27 1348.250 620.195 9.55 791.382 364.036 

12.03 996.893 458.571 13.48 1117.051 513.843 10.35 857.676 394.531 

13.50 1118.708 514.606 12.13 1005.180 462.383 12.50 1035.841 476.487 

13.63 1129.481 519.561 12.77 1058.215 486.779 11.07 917.341 421.977 

11.74 972.862 447.516 13.47 1116.222 513.462 12.66 1049.099 482.586 

17.26 1430.289 657.933 10.37 859.333 395.293 12.08 1001.036 460.477 

11.91 986.949 453.997 12.54 1039.155 478.011 11.51 953.802 438.749 

11.46 949.659 436.843 12.75 1056.558 486.016 12.91 1069.816 492.115 

10.38 860.162 395.675 12.6 1044.127 480.299 12.12 1004.351 462.002 

8.55 708.515 325.917 11.78 976.176 449.041 10.09 836.131 384.620 

8.71 721.774 332.016 15.4 1276.156 587.032 8.86 734.204 337.734 

13.40 1110.421 510.794 15.05 1247.152 573.690 11.58 959.603 441.417 

13.90 1151.855 529.853 19.53 1618.398 744.463 7.63 632.277 290.847 

12.25 1015.124 466.957 18 1491.611 686.141 8.24 682.826 314.100 
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Plot 1 Plot 2 Plot 3 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

11.49 952.145 437.987 14.27 1182.516 543.957 7.28 603.274 277.506 

12.58 1042.470 479.536 9.44 782.267 359.843 8.85 733.375 337.353 

9.02 747.463 343.833 5.27 436.710 200.887 14.71 1218.977 560.730 

17.02 1410.401 648.784 9.01 746.634 343.452 14.55 1205.719 554.631 

13.03 1079.760 496.690 10.55 874.250 402.155 13.98 1158.484 532.903 

19.39 1606.796 739.126 12.12 1004.351 462.002 14.33 1187.488 546.244 

16.71 1384.712 636.967 15.51 1285.271 591.225 7.28 603.274 277.506 

16.27 1348.250 620.195 12.3 1019.267 468.863 14.91 1235.551 568.353 

13.48 1117.051 513.843 9.21 763.207 351.075 13.78 1141.911 525.279 

12.13 1005.180 462.383 14.44 1196.603 550.437 8.59 711.830 327.442 

12.77 1058.215 486.779 17.4 1441.890 663.270 14.91 1235.551 568.353 

13.47 1116.222 513.462 17.67 1464.264 673.562 13.39 1109.593 510.413 

10.37 859.333 395.293 17.8 1475.037 678.517 7.72 639.735 294.278 

12.54 1039.155 478.011 8.8 729.232 335.447 10.46 866.792 398.724 

12.75 1056.558 486.016 13.41 1111.250 511.175 9.92 822.043 378.140 

11.23 930.599 428.076 12.2 1010.981 465.051 9.51 788.068 362.511 

12.01 995.236 457.808 14.02 1161.799 534.428 10.01 829.501 381.571 

13.44 1113.736 512.319 8.73 723.431 332.778 9.95 824.529 379.283 

16.73 1386.369 637.730 8.92 739.176 340.021 9.51 788.068 362.511 

14.18 1175.058 540.527 9.24 765.693 352.219 10.07 834.473 383.858 

12.20 1010.981 465.051 9.35 774.809 356.412 9.41 779.781 358.699 

17.40 1441.890 663.270 16.64 1378.911 634.299 10.09 836.131 384.620 

17.67 1464.264 673.562 10.98 909.882 418.546 9.31 771.494 354.887 

17.80 1475.037 678.517    9.81 812.928 373.947 
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Plot 1 Plot 2 Plot 3 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

8.80 729.232 335.447    10.09 836.131 384.620 

13.41 1111.250 511.175    11.66 966.232 444.467 

12.20 1010.981 465.051    10.86 899.938 413.972 

14.02 1161.799 534.428    12.63 1046.613 481.442 

13.25 1097.991 505.076    9.48 785.582 361.368 

13.30 1102.135 506.982    10.90 903.253 415.496 

14.11 1169.257 537.858    13.17 1091.362 502.026 

16.51 1368.138 629.344    12.21 1011.809 465.432 

15.40 1276.156 587.032    11.20 928.113 426.932 

14.35 1189.145 547.007    11.89 985.292 453.234 

15.01 1243.838 572.165    12.56 1040.813 478.774 

14.25 1180.858 543.195    10.23 847.732 389.957 

      9.46 783.924 360.605 

      9.01 746.634 343.452 

      10.55 874.250 402.155 

      12.12 1004.351 462.002 

      15.51 1285.271 591.225 

      12.30 1019.267 468.863 

      9.21 763.207 351.075 

      14.44 1196.603 550.437 

      13.53 1121.194 515.749 

      10.10 836.959 385.001 

      9.50 787.239 362.130 

      9.73 806.298 370.897 
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Plot 1 Plot 2 Plot 3 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

      7.71 638.907 293.897 

      9.47 784.753 360.986 

      9.91 821.215 377.759 

      7.24 599.959 275.981 

      7.23 599.130 275.600 

      8.06 667.910 307.239 

      10.07 834.473 383.858 

      9.71 804.641 370.135 

      11.82 979.491 450.566 

      10.43 864.305 397.581 

      12.80 1060.701 487.922 

      13.91 1152.684 530.234 

      14.77 1223.949 563.017 

      7.60 629.791 289.704 

      7.62 631.448 290.466 

      10.81 895.795 412.066 

      8.83 731.718 336.590 

      10.61 879.222 404.442 

      8.73 723.431 332.778 

      8.92 739.176 340.021 

      9.24 765.693 352.219 

      9.35 774.809 356.412 

      16.64 1378.911 634.299 

      10.98 909.882 418.546 
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Plot 1 Plot 2 Plot 3 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

C content 

(gram) 

      7.66 634.763 291.991 

      14.29 1184.173 544.720 

      7.25 600.788 276.362 

      7.41 614.046 282.461 

      7.72 639.735 294.278 

TOTAL 96532.018 TOTAL 78513.196 TOTAL 106638.110 
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Above ground stock calculation for Rattan in Abandoned rattan agroforestry 

Plot size 20 x 100 

 

Plot 1 Plot 2 Plot 3 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

8.55 708.515 325.917 8.68 719.288 330.872 13.04 1080.589 497.071 

10.17 842.760 387.670 10.45 865.963 398.343 9.67 801.326 368.610 

12.45 1031.697 474.581 15.01 1243.838 572.165 9.63 798.012 367.085 

18.04 1494.925 687.666 14.15 1172.572 539.383 7.38 611.560 281.318 

13.94 1155.170 531.378 8.76 725.917 333.922 10.64 881.708 405.586 

14.44 1196.603 550.437 9.23 764.865 351.838 7.55 625.648 287.798 

10.51 870.935 400.630 8.13 673.711 309.907 9.42 780.610 359.080 

13.13 1088.047 500.502 15.17 1257.096 578.264 10.64 881.708 405.586 

12.93 1071.474 492.878 13.17 1091.362 502.026 11.76 974.519 448.279 

10.15 841.103 386.907 15.74 1304.331 599.992 12.72 1054.072 484.873 

14.33 1187.488 546.244 13.94 1155.170 531.378 11.98 992.750 456.665 

7.69 637.249 293.135 10.63 880.879 405.204 17.33 1436.090 660.601 

11.03 914.026 420.452 8.45 700.228 322.105 8.47 701.886 322.867 

14.55 1205.719 554.631 11.46 949.659 436.843 9.65 799.669 367.848 

16.10 1334.163 613.715 8.45 700.228 322.105 10.50 870.106 400.249 

12.85 1064.844 489.828 11.66 966.232 444.467 12.60 1044.127 480.299 

9.51 788.068 362.511 16.01 1326.705 610.284 9.85 816.242 375.472 

7.40 613.218 282.080 16.30 1350.736 621.339 12.18 1009.323 464.289 

9.58 793.868 365.179 10.46 866.792 398.724 10.89 902.424 415.115 

11.47 950.487 437.224 15.13 1253.782 576.740 15.10 1251.296 575.596 

9.22 764.036 351.457 14.85 1230.579 566.066 12.36 1024.239 471.150 
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Plot 1 Plot 2 Plot 3 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

14.22 1178.372 542.051 15.68 1299.359 597.705 13.66 1131.967 520.705 

10.33 856.019 393.769 13.59 1126.166 518.036 13.10 1085.561 499.358 

10.92 904.910 416.259 12.43 1030.040 473.818 11.70 969.547 445.992 

9.11 754.921 347.264 16.12 1335.820 614.477 12.98 1075.617 494.784 

11.39 943.858 434.175 10.28 851.875 391.863 13.09 1084.732 498.977 

7.43 615.704 283.224 9.40 778.952 358.318 14.05 1164.285 535.571 

12.35 1023.411 470.769 13.66 1131.967 520.705 12.99 1076.446 495.165 

11.15 923.970 425.026 9.77 809.613 372.422 13.77 1141.082 524.898 

11.51 953.802 438.749 16.25 1346.593 619.433 13.41 1111.250 511.175 

11.98 992.750 456.665 16.28 1349.079 620.576 12.22 1012.638 465.813 

10.83 897.452 412.828 12.55 1039.984 478.393 8.03 665.424 306.095 

11.11 920.655 423.501 10.09 836.131 384.620 8.10 671.225 308.763 

7.26 601.616 276.743 11.48 951.316 437.605 12.22 1012.638 465.813 

12.41 1028.383 473.056 9.07 751.606 345.739 12.60 1044.127 480.299 

12.68 1050.757 483.348 8.10 671.225 308.763 9.87 817.900 376.234 

12.41 1028.383 473.056 6.67 552.725 254.253 13.76 1140.253 524.517 

10.12 838.617 385.764 18.72 1551.275 713.587 11.71 970.376 446.373 

13.36 1107.107 509.269 20.14 1668.947 767.715 13.89 1151.026 529.472 

8.61 713.487 328.204 5.36 444.168 204.318 12.86 1065.673 490.210 

13.07 1083.075 498.215 9.85 816.242 375.472 12.77 1058.215 486.779 

12.85 1064.844 489.828 11.14 923.141 424.645 13.01 1078.103 495.927 

13.12 1087.218 500.120 11.13 922.313 424.264 13.10 1085.561 499.358 

10.12 838.617 385.764 7.91 655.480 301.521 10.91 904.082 415.878 

12.33 1021.753 470.007 9.83 814.585 374.709 11.31 937.229 431.125 
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Plot 1 Plot 2 Plot 3 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

21.34 1768.387 813.458 10.52 871.764 401.011 9.33 773.152 355.650 

12.10 1002.694 461.239 11.13 922.313 424.264 11.05 915.683 421.214 

12.89 1068.159 491.353 22.06 1828.052 840.904 12.67 1049.928 482.967 

10.45 865.963 398.343 15.32 1269.526 583.982 10.61 879.222 404.442 

14.78 1224.778 563.398 11.82 979.491 450.566 8.79 728.403 335.065 

15.51 1285.271 591.225 11.81 978.662 450.185 12.94 1072.302 493.259 

13.55 1122.851 516.512 8.74 724.260 333.160 14.23 1179.201 542.432 

9.04 749.120 344.595 10.54 873.421 401.774 13.87 1149.369 528.710 

20.57 1704.579 784.107 9.44 782.267 359.843 11.78 976.176 449.041 

18.87 1563.705 719.304 11.65 965.404 444.086 9.78 810.442 372.803 

10.24 848.561 390.338 6.90 571.784 263.021 12.09 1001.865 460.858 

10.16 841.931 387.288 7.66 634.763 291.991 9.91 821.215 377.759 

11.84 981.148 451.328 6.40 530.350 243.961 10.10 836.959 385.001 

13.01 1078.103 495.927 10.69 885.851 407.491 10.66 883.365 406.348 

8.99 744.977 342.689 13.41 1111.250 511.175 8.81 730.061 335.828 

20.88 1730.268 795.923 11.42 946.344 435.318 16.06 1330.848 612.190 

14.22 1178.372 542.051 10.58 876.736 403.298 9.65 799.669 367.848 

13.39 1109.593 510.413 7.92 656.309 301.902 12.21 1011.809 465.432 

8.41 696.914 320.580 8.16 676.197 311.051 13.51 1119.537 514.987 

8.37 693.599 319.056 8.12 672.882 309.526 12.89 1068.159 491.353 

19.82 1642.429 755.517 7.57 627.305 288.560 13.41 1111.250 511.175 

8.18 677.854 311.813 6.62 548.581 252.347 10.49 869.278 399.868 

11.57 958.774 441.036 8.40 696.085 320.199 13.82 1145.225 526.804 

10.51 870.935 400.630 10.64 881.708 405.586 11.31 937.229 431.125 
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Plot 1 Plot 2 Plot 3 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

6.49 537.808 247.392 9.99 827.844 380.808 8.13 673.711 309.907 

8.15 675.368 310.669 11.37 942.201 433.412 17.02 1410.401 648.784 

8.21 680.340 312.956 10.27 851.047 391.481 16.65 1379.740 634.680 

18.70 1549.618 712.824 18.37 1522.272 700.245 15.43 1278.642 588.175 

14.58 1208.205 555.774 8.12 672.882 309.526 15.55 1288.586 592.749 

10.08 835.302 384.239 7.18 594.987 273.694 16.83 1394.656 641.542 

14.37 1190.802 547.769 8.31 688.627 316.768 15.32 1269.526 583.982 

10.17 842.760 387.670 14.15 1172.572 539.383 13.42 1112.079 511.556 

18.99 1573.649 723.879 11.29 935.571 430.363 12.07 1000.208 460.096 

12.65 1048.271 482.205 11.48 951.316 437.605 11.48 951.316 437.605 

5.64 467.371 214.991 10.37 859.333 395.293 8.54 707.686 325.536 

11.03 914.026 420.452 9.98 827.015 380.427 10.27 851.047 391.481 

13.61 1127.823 518.799 7.54 624.819 287.417 13.01 1078.103 495.927 

12.14 1006.008 462.764 11.85 981.977 451.709 12.58 1042.470 479.536 

11.99 993.578 457.046 7.28 603.274 277.506 14.66 1214.834 558.824 

12.31 1020.096 469.244 9.64 798.840 367.467 10.27 851.047 391.481 

9.94 823.701 378.902 11.51 953.802 438.749 14.53 1204.061 553.868 

11.64 964.575 443.704 10.44 865.134 397.962 10.29 852.704 392.244 

6.99 579.242 266.451 13.49 1117.879 514.224 13.78 1141.911 525.279 

6.19 512.948 235.956 10.51 870.935 400.630 8.75 725.088 333.541 

13.23 1096.334 504.314 9.51 788.068 362.511 14.11 1169.257 537.858 

12.13 1005.180 462.383 8.28 686.141 315.625 13.63 1129.481 519.561 

15.13 1253.782 576.740 11.28 934.743 429.982 13.95 1155.998 531.759 

13.48 1117.051 513.843 10.10 836.959 385.001 15.31 1268.698 583.601 
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Plot 1 Plot 2 Plot 3 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

12.62 1045.785 481.061 11.33 938.886 431.888 9.54 790.554 363.655 

14.91 1235.551 568.353 8.81 730.061 335.828 13.46 1115.393 513.081 

12.65 1048.271 482.205 9.51 788.068 362.511 15.71 1301.845 598.849 

6.66 551.896 253.872 12.01 995.236 457.808 10.29 852.704 392.244 

7.88 652.994 300.377 9.19 761.550 350.313 9.81 812.928 373.947 

15.28 1266.212 582.457 10.37 859.333 395.293 14.41 1194.117 549.294 

18.20 1508.184 693.765 11.23 930.599 428.076 15.05 1247.152 573.690 

12.92 1070.645 492.497 11.62 962.918 442.942 14.97 1240.523 570.641 

16.55 1371.453 630.868 11.19 927.285 426.551 14.52 1203.233 553.487 

17.74 1470.065 676.230 9.81 812.928 373.947 16.67 1381.397 635.443 

14.86 1231.407 566.447 7.72 639.735 294.278 12.71 1053.243 484.492 

17.18 1423.659 654.883 7.25 600.788 276.362 15.80 1309.303 602.279 

15.70 1301.016 598.467 8.19 678.683 312.194 13.92 1153.512 530.616 

9.89 819.557 376.996 9.30 770.665 354.506 11.25 932.257 428.838 

11.54 956.288 439.893 7.26 601.616 276.743 13.00 1077.274 495.546 

13.78 1141.911 525.279 7.64 633.106 291.229 12.86 1065.673 490.210 

12.61 1044.956 480.680 12.76 1057.386 486.398 12.73 1054.900 485.254 

12.83 1063.187 489.066 8.28 686.141 315.625 13.45 1114.565 512.700 

10.26 850.218 391.100 9.19 761.550 350.313 11.65 965.404 444.086 

14.52 1203.233 553.487 10.95 907.396 417.402 13.22 1095.505 503.932 

16.92 1402.114 644.972 8.46 701.057 322.486 14.76 1223.121 562.636 

10.46 866.792 398.724 9.07 751.606 345.739 10.85 899.110 413.590 

14.07 1165.942 536.333 7.61 630.620 290.085 8.62 714.316 328.585 

6.84 566.812 260.734 9.10 754.092 346.882 8.64 715.973 329.348 
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Plot 1 Plot 2 Plot 3 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

14.10 1168.428 537.477 9.11 754.921 347.264 13.61 1127.823 518.799 

7.46 618.190 284.367 10.35 857.676 394.531 13.60 1126.995 518.418 

12.22 1012.638 465.813 10.45 865.963 398.343 7.75 642.221 295.422 

11.69 968.718 445.610 14.94 1238.037 569.497 11.63 963.746 443.323 

8.76 725.917 333.922 7.76 643.050 295.803 6.88 570.127 262.258 

5.53 458.256 210.798 14.09 1167.600 537.096 7.48 619.847 285.130 

7.44 616.532 283.605 12.72 1054.072 484.873 8.46 701.057 322.486 

15.55 1288.586 592.749 13.16 1090.533 501.645 6.03 499.690 229.857 

5.07 420.137 193.263 8.66 717.630 330.110 7.75 642.221 295.422 

17.56 1455.149 669.369 14.76 1223.121 562.636 7.31 605.760 278.649 

12.90 1068.988 491.734 10.30 853.533 392.625 5.64 467.371 214.991 

13.43 1112.907 511.937 8.63 715.144 328.966 6.72 556.868 256.159 

12.51 1036.669 476.868 12.24 1014.295 466.576 8.91 738.347 339.640 

9.44 782.267 359.843 9.54 790.554 363.655 10.11 837.788 385.382 

13.24 1097.162 504.695 8.60 712.658 327.823 11.13 922.313 424.264 

11.14 923.141 424.645 7.99 662.109 304.570 7.27 602.445 277.125 

6.74 558.525 256.922 10.47 867.620 399.105 8.46 701.057 322.486 

9.45 783.096 360.224 8.83 731.718 336.590 9.25 766.522 352.600 

8.19 678.683 312.194 8.05 667.081 306.857 12.30 1019.267 468.863 

4.53 375.389 172.679 5.55 459.913 211.560 7.08 586.700 269.882 

11.03 914.026 420.452 6.01 498.032 229.095 6.75 559.354 257.303 

10.37 859.333 395.293 11.42 946.344 435.318 6.25 517.920 238.243 

14.00 1160.142 533.665 12.72 1054.072 484.873 7.31 605.760 278.649 

8.21 680.340 312.956 13.86 1148.540 528.328 7.21 597.473 274.838 
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Plot 1 Plot 2 Plot 3 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

15.39 1275.327 586.650 12.92 1070.645 492.497 10.67 884.194 406.729 

21.49 1780.817 819.176 11.30 936.400 430.744 13.44 1113.736 512.319 

7.10 588.358 270.644 11.12 921.484 423.883 12.85 1064.844 489.828 

8.08 669.567 308.001 11.40 944.687 434.556 12.04 997.722 458.952 

8.96 742.491 341.546 11.41 945.515 434.937 13.01 1078.103 495.927 

17.03 1411.229 649.166 10.11 837.788 385.382 9.55 791.382 364.036 

9.92 822.043 378.140 12.32 1020.925 469.625 12.25 1015.124 466.957 

8.89 736.690 338.877 11.63 963.746 443.323 13.16 1090.533 501.645 

8.20 679.512 312.575 12.01 995.236 457.808 9.46 783.924 360.605 

11.63 963.746 443.323 12.11 1003.522 461.620 13.02 1078.932 496.309 

14.71 1218.977 560.730 10.72 888.337 408.635 12.68 1050.757 483.348 

17.21 1426.145 656.027 10.43 864.305 397.581 12.02 996.064 458.190 

13.31 1102.963 507.363 8.93 740.005 340.402 14.15 1172.572 539.383 

18.68 1547.960 712.062 7.10 588.358 270.644 6.67 552.725 254.253 

15.77 1306.817 601.136 8.21 680.340 312.956 8.53 706.858 325.155 

10.87 900.767 414.353 9.05 749.949 344.976 8.60 712.658 327.823 

19.81 1641.600 755.136 7.41 614.046 282.461 9.21 763.207 351.075 

9.56 792.211 364.417 10.06 833.645 383.477 13.13 1088.047 500.502 

15.13 1253.782 576.740 8.83 731.718 336.590 13.00 1077.274 495.546 

8.51 705.200 324.392 8.34 691.113 317.912    

11.25 932.257 428.838 9.77 809.613 372.422    

10.38 860.162 395.675 11.40 944.687 434.556    

10.27 851.047 391.481 10.65 882.536 405.967    

7.00 580.071 266.833 7.19 595.816 274.075    
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Plot 1 Plot 2 Plot 3 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

10.38 860.162 395.675 9.81 812.928 373.947    

10.28 851.875 391.863 7.44 616.532 283.605    

10.93 905.739 416.640 8.66 717.630 330.110    

11.70 969.547 445.992 12.49 1035.012 476.106    

   9.69 802.984 369.373    

   10.98 909.882 418.546    

   10.55 874.250 402.155    

   13.14 1088.876 500.883    

   10.17 842.760 387.670    

   12.44 1030.869 474.200    

   11.52 954.631 439.130    

   12.08 1001.036 460.477    

   9.32 772.323 355.269    

   10.14 840.274 386.526    

   8.45 700.228 322.105    

   8.67 718.459 330.491    

   9.31 771.494 354.887    

   8.13 673.711 309.907    

   7.57 627.305 288.560    

   7.17 594.158 273.313    

   9.67 801.326 368.610    

   11.06 916.512 421.595    

   11.77 975.348 448.660    

   11.06 916.512 421.595    
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Plot 1 Plot 2 Plot 3 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

   10.96 908.225 417.784    

   11.03 914.026 420.452    

   12.50 1035.841 476.487    

   11.53 955.459 439.511    

   12.12 1004.351 462.002    

   11.20 928.113 426.932    

   10.84 898.281 413.209    

   12.13 1005.180 462.383    

   12.45 1031.697 474.581    

   10.91 904.082 415.878    

   9.52 788.896 362.892    

   10.97 909.054 418.165    

   9.68 802.155 368.991    

   11.24 931.428 428.457    

   8.64 715.973 329.348    

   7.52 623.162 286.654    

   10.49 869.278 399.868    

   10.55 874.250 402.155    

   12.33 1021.753 470.007    

   10.13 839.445 386.145    

   12.74 1055.729 485.635    

   11.85 981.977 451.709    

   12.67 1049.928 482.967    

   12.33 1021.753 470.007    
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Plot 1 Plot 2 Plot 3 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

Diamater 

(mm) 

Dry weight 

(gram) 

Carbon content 

(gram) 

   13.30 1102.135 506.982    

   13.47 1116.222 513.462    

   11.85 981.977 451.709    

   8.11 672.053 309.145    

   10.28 851.875 391.863    

TOTAL 77195.043 TOTAL 88751.180 TOTAL 70681.660 
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